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The modern science of statistics no longer synonymous 
with ‘ Political Arithmetic' or is limited to Sociology, Political 
Economy or Demography. As Dr. Bowley has stated * it U mt 
merely a branch of poliHcal economy nor is it confined to any 
science \ Its importance is being increasingly recognised in all 
spheres of life by economists, scientists, administrators as well as 
by business magnates. These days, hardly there is any office of 
importance—‘business or government—where a statistician does 
not play a role of importance. Realising this, universities 100 
have prescribed courses in statistics in their various faculties. 

As a teacher of statistics, I have noticed what a bugbear 
this easy subject has become for students mainly because of the 
absence of suitable books of elementary character and particularly 
non-mathematical in treatment. It is no wonder that many a 
student has to rely on cramming, the dead weight to reasonable 
understanding and that he forgets it no sooner he leaves the 
examination hall. This book has been specially designed with 
a view to create interest in young men and to assist them in a 
more genaral use of statistical methods in various spheres of life. 
Effort has been made to present this subject in a simple but 
comprehensive manner and to impart adequate grounding in the 
procedure for proper compilation, presentation and interpretation 
of statistical data. As a majority of students lack knowledge of 
higher mathematics, subjects like probabilits, regression, sampling, 
etc. have not been fully discussed in this elementary treatise. 

A large number of diagrams and figures has been given to 
make the subject easy as well as interesting. Graded exercises 
and questions from various university papers have been 
given at the end of each chapter. In appendices important 
formulas, mathematical tabes as well as a list of publications 
have been given for ready reference. In short, great care bgi 
been taken to make the book as useful as possible. 

No doubt, this book on statistical method has been prteail||f 
meant for university students but It will be found betjpfnl1||l 



]>ii$iii«S5men also as in thasa days of competitioa an€ small 
mafjSim of profit, old-fashioned methods must be scrapped and ^ 
improved methods used for the expansion of business and for the^' 
ipcraase of profits. The Dominion Statitician of Canada has] 
rightly said. ‘ for this the statistics are the corner-stone-the basic 
otganization, without which the endeavour to meet new situations 
will be seriously handicapped *. 

In the end, the author has great pleasure in acknowledging, 
his indebtedness to the various authors as well as friends and will 
deem it a favour if he is helped with suggestions as well as 
criticisms for its improvemant. Mr. M. K. Vora deserves special 
thanks as without his urge probably this book would not have 
been completed. 


Suratt 22nd July^ 1943* 


Y. D. Keskar 


PREFACE TO THE SECOND EDITION 

In bringing out this second edition effort has been made tc 
incorporate all the suggestions received from various quarters 
At some places the matter has been re-arranged and also re-casi 
to make it more easy and intelligible. Wherever necessary the 
diagrams too have been changed. It is hoped that with these 
changes the book will be found more useful. 


Sufai 

20th Juncf 1950 


y. D. K* 
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CHAPTERJ 

INTRODUCTORY 

The word 'Statistics*, derived from the Latin word tiatm 
meaning a state, is found used in singular as well as in plural 
Its meaning, however, changesw^ith the change in its number* 
Statistics {singular) refers to the subject of statistics as a whole 
and is as such a branch of Applied Mathematics* When used in 
plural it signifies numerical data or statement of facts system¬ 
atically arranged, From status appear to have originated the 
Italian word statistics meaning a person well-versed in state 
matters but occupying a subordinate position and who was 
expected to be of help to high government officials responsible 
for formulating the policies of the state. In this sense, this word 
is found used in the seventeenth century in the writings of 
Shakespeare* and Milton. In the ‘Elements of Universal 
Erudition’ by Baron J. F. Von Bielfeld translated by W. Hoofer 
H. D, (London 1770) there is a chapter on ‘Statistics’ wherein it 
has been defined as the ‘Science that teaches us what is the 
political arrangement of all the modern states of the known 
world.* In 1787 Prof. E. A, W. Zimmerman of Brunswick 
referred to statistics in the preface of his book, ‘A Political 
Survey of the Present State of Europe’ as that branch of political 
knowledge, which has for its obiect the actual and relative power 
of the several modern states, the power arising from their natural 
advantages, the industry and civilization of their inhabitants, 
and wisdom of their governments. The phrase, ‘ Statistical 
enquiries’ appears first in the Circular issued in 1790 by Sir John 
Sinclair, Editor of the Statistical Account of Scotland, meaning 
‘enquiries respecting the population, the political ciicumstances, 

* I do believe, 

Shiisis though ! am none, nor like to be 
C:fmhtUine Act ll Sc, /F# 
t Their orators though then extolest; as those 
The top of eloquence, ttathia indeed. 

And lovers of their country as may seem, 

Purudhe Regained Beck IV, 
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prodttctians of a country and other matters of the state.* The 
term ‘Statistics' is said to have been first applied to this 
line of study by Gottfried Achenwall, often called the ‘Father of 
Statistics'; while the name of ‘Political Arithmetic' was given 
by William Petty, The meaning of the word statistics has thus 
undergone changes from time to time. 

Meaning and Scope of Statistics:~The word statistics 
conveys two different meanings; in the singular it refers to the 
subject as a whole and in the plural, to numerical data. Webster 
defines statistics as, “Classified facts respecting the condition of 
people in the state—especially those facts which can be stated in 
a table or tables of numbers or in any tabular or classified 
arrangement" This definition fails to take into account all the 
aspects of statistical method and limits it to the condition of 
people in the state. Statistics now covers a far wider field as it 
is applied to the study of data concerning problems relating to 
astronomy, meteorology, biology, etc. Dr. Bowley’s definition, 
‘Statistics is the science of the measurement of the social organism, 
regarded as a whole in all its manifestations' is also defective 
as according to this, the scope of the science will be restricted to 
man and his activities. As said already, the science has a wider 
applicability. The other definition of the same author, ‘Statistics 
is the science of counting’ is also not correct. Statistics is 
concerned not only with counting but with tabulating, summariz¬ 
ing, drawing graphs and similar other things. Again, the word 
counting conveys an idea of exactness but in statistical operations 
estimates play an important part particularly when the number 
of observations is large. When we think of agricultural crop 
statistics, we cannot vouch for their exactness as they are 
more of estimates. The definition, ‘Statistics may be rightly 
called the science of Averages’ is also not appropriate as it takes 
into account only one step in the process of statistical operations. 
In this respect the definition given by Lovitt and Holtzclaw, 
‘Statistics is the science which deals with the collection, classifica¬ 
tion and tabulation of numerical facts as a basis for explanation, 
description and comparison of phenomena' is far more compre- 
liansiva but with a view to mention the scope in detail it can be 
improved by defining statistics as ‘the science and art of handling 
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»^ggrejfat«s of facts observing, enumerating, recording, classifying 
and otherwise systematically treating them so that master facts 
or principles or laws lying behind or contained an the aggregate 
are made comprehensible to the mind and become along with the 
results of other methods of investigation, data for reasoning, the 
drawing of conclusions, the making of decisions and the 
determination of policy’. 

The word Statistics in plural refers to numerical data and 
so in this case, ‘Statistics are numerical statements of facts in 
any department of enquiry, placed in relation to each other*. It 
must, however, be noted that isolated figures having no connection 
with each other cannot be styled as statistics as they are not 
the result of any enquiry and also do not bear any relation to 
each other. Simply giving numbers like 27, 47, 58, 85, 12, 20 
does not constitute statistics. But if we collect figures of prices 
of wheat for a week and those of the quality sold at those prices 
we get statistics of prices as well as of the sale of wheat 

Characteristics of Statistics:-Statistics (meaning numerical 
data) possess important characteristics which have been included 
in the definition framed by Secrist, ‘Statistics’, according to him, 
are aggregates of facts affected to a marked extent by multipli. 
city of causes, numerically expressed, enumerated or estimated 
according to reasonable standard of accuracy, collected 
in a systematic manner for a predetermined purpose and 
placed in relation to each other*. Statistics are thus aggregates 
of facts and so a single figure of sale or of exports cannot cons¬ 
titute statistics. They are affected to a marked extent by multi¬ 
plicity of causes. Statistical phenomenon can rarely be the 
subject of change due to a single cause only. The reduction in 
yield of wheat may be due to want of adequate rainfall, want of 
proper care on the part of agriculturist or want of adequate 
manuring. Statistics are required to be expressed in numerical 
quantities. There cannot be statistics of qualitative expressions. 
We have to assign marks to the answers of examinees and it 
would serve no statistical purpose if we mark them as good, bad 
fair, tolerable, etc. The enumeration or estimation done must be 
according to reasonable standards of accuracy, What i$ a 
reasonable standard will depend upon circumstances, Whfle 
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mordmg imports of gold, ounces will be taken but not so in the 
case of steel. Again, the standard of accuracy desired will depend 
upon the nature of results expected. Statistics'must. be collected 
in a systematic manner. There must be proper planning as well 
as organization to avoid duplication and confusion. Statistical 
operations cannot be carried out satisfactorily unless their pur¬ 
pose or object is determined. If we have to construct an index 
number of prices v/e must decide its purpose at the outset They 
must also be capable of being placed in relation to each other. 
In short, they must possess the characteristic of comparability. 
Stray numerical facts are not comparable unless they are homoge¬ 
neous. For achieving satisfactory results statistics should 
possess these characteristics in as high a degree as possible. 

Importance and Value of Statistics: —Though a statisti¬ 
cian is sometimes talked of as a figuring fool because of his 
spending a good deal of time in long and abstruse calculations of 
doubtful value the utility of statistics is greatly appreciated by 
economists, scientists, social workers, commercial magnates and 
others. As early as 1890 Dr. Alfred Marshall while giving 
evidence before the Committee of Census said, ‘Statistics are 
the straw out of which, I like every other economist, have to make 
bricks’. For a scientist the importance of statistics is very great. 
In taking observations and ascertaining them this science does 
play a very important part. For a business executive statistics 
are an aid in supervising the work of his employees and in 
planning his sales and purchases as well as production. 
Because of this grow ing importance a statistician these days 
occupies in business an important position between a 
business executive and a cost accountant. During the last war 
the government was greatly helped by statisticians in planning 
several branches of administration especially in the war 
department Even in the days of food scarcity, the efficiency of 
the food department depends to a great extent on statistics. 

The Value of Statistics may be broadly summarised as 
under: (1) Statistics helps in presenting an unwieldy mass of 
matter in a simple, definite and classified form. When statistics 
ate collected they are in the form of an unwieldy mass and as 
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tbe ttdnd ciannot ordmartiy gra^p tha matter in sncb k 

form it requites to be treated statistically. If wages sheets of all 
the two thousand workers in a mill are given* it is impossible to 
form a correct idea about them from these sheets. But if they 
are tabulated and summarised, definite information will be easily 
available. It has, therefore, been said» ‘ By the use of statistics 
we obtain from milliards of facts the grand average of the 
world*. It was with the help of statistics that the British 
Government during the last war could obtain from the census 
papers definite information about its man-power for enforcing 
conscription according to certain age limits. 

(2) Statistics enlarges individual mind :—Ordinarily an 
average individual does not go deep into the details of various 
matters by scrutinising them but if they are presented in a suit¬ 
able and handy manner they can be grasped and remembered by 
persons even though not particularly interested in them. If birth 
and death rates, exports and imports, per capita income and 
such other things are properly presented they will attract the 
attention of a large number of persons who will not only take 
interest in these things but will even remember them. It is 
because of this that Whipple has aptly said ‘ Statistics enable one 
to enlarge his horizon, * 

(3) Statistics furnishes methods of comparison :—Statistics 
provides us with various methods of comparison such as different 
forms of averages ratio, graphs coefficients and diagrams and 
thereby it becomes very easy to compare data and to weigh and 
judge them in the right perspective. Income per capita in different 
countries, ages at deaths, incidence of taxation, literacy and un¬ 
employment can be compared with advantage. Not only compari¬ 
sons can** be made but by such process improvements can be 
effected in the economic social, commercial as well as political 
condition of different parts of the globe. 

(4) Statistics helps in ascertaining conditions of relation¬ 
ship :—There are some factors such as rainfall and yield, supply 
and prices which bear relationship in their movements. With 
the help of statistics, effort can be made to establish correlations 
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{^etween such factors, Omca the normal degree of correlation is 
ascertained the effects of changes in one can be easily seen in the 
other. This factor affords us a great help in solving many 
problems of life—^economic, scientific as well as medical. 

(5) Statistics, considered as the logic of figures, assists us 
in arriving at correct views based on facts. By studying statistics 
of the past we come to know what has happened in the past 
and under what circumstances, and by analysing these cases and 
by tracing the causes lead.ng to them we are enabled to forecast 
the future with a fair amount of accuracy. It is no doubt true 
that statistics only indicates trends and tendencies but even then 
this is of great assistance to the economic as well as commercial 
world, 

(6) Statistics endeavours to give material for the business 
magnates as well as to administrators to serve as a guide in 
planning as well as in shaping policies for the future. When the 
budget is in deficit the finance minister finds it handy to arrive at 
the scheme of his taxation by making use of statistics. Similarly 
for fixing sales quotas for the various salesmen working under a 
business executive he finds statistics as a valuable guide. 

(7) Statistics is of great help to other sciences such as 
biology, agriculture, medicine and meteorology as by adoption of 
suitable statistical methods determinable facts can be easily 
weighed in the balance to assist in judging possibilities from 
ascertained results and tendencies. The whole doctrine of heredity 
and evolution is largely based on statistics. Mortality tables 
form the basis of life assurance and are mainly due to study 
of vital statistics. Without the aid of statistics it would bo 
difficult to make a rapid progress in meteorology. The various 
experiments carried out in the science of agriculture for improving 
the yield as well as variety of different cereals owe their success 
to a great extent to statistics. For studies in economics too it is 
of great value. According to F, C. Mill, * Mathematics and its 
offspring, statistics and accounting are the powerful instruments 
which the modern economist has at his disposal and of which 
business, through the development of researcfi agencies and 
methods, is making constantly greater use.* 





Statistics anil Commercc The part played by statistics 
in commerce and industry is equally great With the increase in 
business and productive activity it is getting increasingly difficult 
for a business executive to control and supervise the working. 
With the help of statistical table and more so with diagrams 
and charts inner controlling master facts can be easily ascertained 
as well as borne in mind. Statistics are, therefore, said to be the 
eyes of administration. Bearing on the past statistics it has 
become easy to lay down standards by which the current perfor« 
mances can be valued and compared. This has also given 
facilities for fixing performances for the future based on the past 
and thereby the work can be easily supervised. By studying 
statistics and effecting comparisons it has become easy to lay 
down the likely tendencies which guide businessmen. This 
will not only save them from would-be losses but bring in profits 
due to proper forecast. Mastery over statistical methods gives 
the necessary insight to do market research and to formulate 
a business policy. Purchases can be made in favourable times 
to meet the volume of estimated sales based on the statistics as 
well as on market research. Seasonal changes in demand and 
supply can be estimated with a fair amount of accuracy and steps 
can then be taken to adjust the stock to the circumstances. Similarly 
boom or slump can be forecast and the business activity regulated 
accordingly with a view to guarding against any unfavourable 
situation. It may not be an exaggeration to say that statistics 
helps us in determining laws governing industrial operations. 

Limitations of Statistics :—Statistics is a very useful tool 
for a scientific enquiry as the study of statistical data necessarily 
involves the scientific ascertainment of facts or the relation of 
facts from a mass of material. But as stated by Newsholme, ‘ it 
must be regarded as an instrument of research of great value, but 
having severe limitations which are not possible to overcome 
and as such they need our careful attention’. 

The subject of enquiry may or may not be capable of nume¬ 
rical measurement. Rainfall, output of yarn or heights of persons 
can be measured quantitatively but this is not possible in the case 
of problems relating to intelligence, poverty, health, friendship or 
culture. Intelligence or poverty cannot be measured quantity- 
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tively. Intelligence of two braxKhes of students can be compared 
indirectly by taking results of tibcir periodical tests. Efforts 
can be made to have an idea of poverty by finding out persons 
^king relief or assistance. In the study of the phenomenon of 
such types the statistical aspect is bound, to be the subsidiary to 
other considerations. Statistics mainly deals with the averages 
and so in them individual peculiarities are submerged- No. 
particular difficulty will be experienced in studying only the 
trends but if individual peculiarities are of material importance 
the results obtained cannot be satisfactory. The average con¬ 
sumption of cloth per head ascertained by dividing the total 
consumption by the population will not give a real idea cf the 
shortage of cloth experienced by the poor. The average is raised 
by the extravagant use of cloth by the rich. Due to the difficulty 
of studying all the cases statistical results are ascertained by 
samples. If the selection of samples is free from bias the result 
will be near the average due to the operation of compensating 
errors. If there has been deliberate sampling, the errors will, on 
the contrary, accumulate and statistics cannot, in that case, 
be reliable. They are more of estimates than exact statements. 
This is more so as is in statistical studies, particularly business 
and economic, the scope for carrying experiments under con¬ 
trolled conditions is limited. Unlike a chemist a statistician 
cannot work in laboratory where at a time only one factor can 
be studied by controlling other disturbing elements. Statistical 
results are also likely to be used without their context and 
consequently the picture presented may fail to represent the true 
aspect. No doubt the science of statistics presents facts but, it is 
limited to the numerical aspect only and so tendencies deduced 
need consideration in conjunction with other relevant factors 
regarding the economic, social or political aspects. Lastly the, 
danger of misuse of statistics is very likely when they are to be 
handled by persons who do not possess expert knowledge of 
statistical methods or by interested persons. # 

Distrust of Statistics The science of statistics is vdi 
useful but the value and uses of statistics lie not in the hgu||r 
themselves, but in the deductions to be obtained from them. Xm 
to the ignorance of the public as well as the misuse of statisp 
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by iiatartstod parties to serve their ends this science has 

been blamed According to Mark Twain* 'There are three kinds 
of lies-mamely lies, dammd lies and staiistic^^ich^ in the order 
of their naming*. It is often said, ‘With statistics anything can 
be proved*. Karston in his book on ‘Graphs and Charts’ 
writes ‘The statistician is sometimes looked upon as one whose 
acquaintance with figures is so very intimate that he can readily 
take liberties with them abuse them present them in a false 
light and deceive the layman. In this view he is a little more 
than a common trickster performing leger-demain with numbers 
his magical results to be idly wondered at but not to be trusted*. 
There is, however a section of people which strongly believes in 
the old proverb ‘Figures won’t lie*. 

This distrust of statistics cannot be attributed to this 
science. This is mainly due to the credulous nature of the people 
and the deliberate manipulation of statistics by unscrupulous 
persons to support their views unwarranted by facts. Statistics 
cannot bear on their face the stamp of their quality and without 
a very careful scrutiny it is not possible to differentiate 
between a table compiled by an industrious and conscientious 
statistician by spending hours over the various statistical opera¬ 
tions and one based on unreliable data and that too collected 
carelessly. Even if there be some glaring inaccuracies a casual 
observer is not likely to trace them and rarely cares to enquire 
into the competence of the author. 

This manipulation of facts is often done by quoting statistics 
compiled for a certain purpose to prove a very different thing 
or by quoting figures without proper context. The results 
obtained by a statistical survey of a small group are also used 

to show the general trend. As already explained there are 

limitations of statistics but they are not purposely taken into 

account and statements are made without giving reference to 

them. It is also not uncommon to find persons applying only the 
favourable results and thus making unwarranted statements in 
the name of statistics. This distrust is also due to fallacious 
comparisons and statements loosely made by interested parties. 
Really speaking the science of statistics and its technique if 
used properly and without any sinister motive, are very useful 





md cm on no account he blamed as, ^Kigures don’t lie^ but liars 
figure/ If a sword is uSed for killing an innocent person instead 
of protecting him it is not the sword but the person who is to be 
blamed for its misuse. This distrust is, however, slowly decreas- 
ing because of the increasing interest evinced in the study of 
statistics and the recognition of its limitations as well as improve¬ 
ments in statistical methods. 

Main Divisions of Statistics :—The domain of statistical 
studies can be conveniently classified in two main divisions or 
branches as under :— 

1. Statistical Methods :—It can be considered as a 
branch of mathematics as it attempts to formulate definite rules 
of procedure which can be used in handling groups of data of 
different varieties. It is by the process of statistical method that 
large masses of figures are dealt with particularly for elucidating 
quantitative data affected by multiplicity of causes. The 
scope of Statistical method includes mainly collection, tabulation 
and analysis of data by various methods as well as their 
interpretation. In short, it is a distinct procedure in dealing 
with facts and their relations. The important functions of 
the statistical method are, giving in a condensed form, the descrip¬ 
tion of the whole series of observations and examining the various 
hypotheses made about the observational data. 

2. Applied Statistics :—It is an application of rules and 

formulas laid down by the methodologists to concrete facts as 
they exist and its important branches are (1) Biometry dealing 
wish measurment of living beings, (2) Psychometry dealing with 
mental phenomenon, (3) Vital statistics and Demography 
concerning population, (4) Administrative statistics dealing in 
government matters, (5) Social statistics concerning socialj 
phenomena and (6) Economic statistics including those relatin® 
to business. Applied statistics exemplify the application of th» 
principles of specialized facts and problems. f i 

Applied statistics can be further classified as DescfipUvi 1 
and Scientific. The former deals with known data or records 
relating to the past or present and as such Business statistics 
forms part of it. The latter is mainly used for dotermiuing 
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eoUeoled for descriptive purposes by statistical methods. 
Scientific statistics is the ultimate goal as it puts to account the 
rules of statistical methods as well as the data collected for 
descriptive purposes. 

Role of Statistician: —^The scope of the science of statis¬ 
tics as shown already is sufficiently wide. It includes the develop¬ 
ment of mathematical theory underlying statistical methods, 
Statistical methodology and its application to different fields. It is 
hardly possible for anybody to be thorough in all the branches. 
Besides, he is faced with several difficulties. He possesses no 
laboratory, has to deal with data regarding human objects having 
individual bias and has to depend upon samples which may or 
may not be truly representative. He is concerned with the collec¬ 
tion, analysis and interpretation of statistical data and has to work 
on the principle of division of labour to achieve speedy as w^cll 
as efficient results. Under the circumstances, he is not expected to 
work miracles. His work will depend upon the material and co-op¬ 
eration he can command. To succeed well in his mission he 
must be an impartial and conscientious worker without personal 
prejudices but with sound common sense. He should particularly 
note that ‘Exercise of judgement based on wide familiarity with 
the situation and greater caution in the statement of conclusions 
from the data, are the beginnings of wisdom in statistical work.’ 

Exercises. 

1. ‘Statistics is the science of counting*. Criticise this definition 
giving arguments in support of your answer, 

2. Mention the different branches of statistics and describe 
each of them. 

3. Establish the importance of the science of statistics giving 
its uses particularly to commerce. 

4. Reconcile the two statements give below 

(i) ‘With statistics anything can be proved*. 

(ii) ‘Figures do not lie.’ 

5. Trace the gradual development of the science of statistics. 
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6u ‘Statistics are the straw which J like every (rther 

economist have to mflke bricks’. Discuss this.statement of 
Marshall. 

7. Define statistics and state the difficulties that a statistician 
has to encounter in his work. 

8. Discuss the scope, utility and limitations of statistics. 

9. ‘Statistical methods are most dangerous tools in the hands 
of an inexpert’. Support this view by giving suitable 
examples. 

10. Give the important uses and limitations of statistics and 
show its relation to economics as well as to mathematics. 

11. ‘There are three degrees of comparison in lying. There are 
lies, there are damned lies and there are statistics.* Disaiss 
this statement and state with reasons how for do you agree 
with it. 

12. ‘Sciences without statistics bear no fruit, statistics without 
sciences have no root’. Comment, 

13. How far is the common saying, ‘Statistics can have 
anything correct ? Discuss, 


a936-Oct). 



CHAPTER n 

STATISTICAL INVESTIGATION 

Though it is comparatively of late that the science of stati¬ 
stics in its present form has attained such a great importance in 
all spheres of life, political, social, economic, industrial as well 
as scientific, statistical compilations can be traced even to the 
ancient times. It was as early as 3050 B. C. that statistical 
investigations were undertaken in Egypt regarding its population 
and wealth in connection with the construction of the famous 
pyramids. Tndika’ and ‘Anabasis’, two works of Arrian who 
came to India with Alexander the Great as well as the writings 
of Megasthenes speak of the minute statistical collection at that 
time in India. In China too a detailed statistical description of 
the provinces was compiled in 1200 B. C. But it is in recent 
times and more particularly since the First World War that 
various problems of diverse nature are coming to the forefront 
because of the increasing complexities of the modern worlds 
Marketing, production, consumption, banking, finance,, transport 
and other problems have attained far greater importance because^ of 
their international as well as interdependent character and research 
has become a matter of necessity in these as well as in other 
matters. Physicians want to investigate the efficacy of a certain 
medicine; chemists desire to statistically test their synthetic 
compounds. The success or otherwise of inoculation is seen by 
statistical methods. Manufacturers rely on statistical research 
to serve as guide for production and marketing. Ministers depend 
upon statistical material for budgetary and other schemes and 
so do bankers with a view to regulating their policy of fixing 
the amount of their cash reserves as well as rates of discount and 
interest. In short, the use of statistical investigation and 
research is getting popular day by day. 

Stages in a statistical investigation:- Whenever any pro¬ 
blem is taken for statistical investigation and research, it involves 
a number of operations such as defining the problem, organizing 
and planning an encjuiry, determining the degree of accuracy to 
2 
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be aimed at, fixing the units, collecting and tabulating the data 
presenting the same in a summarised form and preparing the 
report after proper analysis and interpretation. All these 
operations which are worked with different kinds of statistical 
methods can be classed into stages of steps: (1) The Enumer¬ 
ation or Collection of data (2) The Tabulation, (3) The Summariza¬ 
tion of the data by calculating averages, constructing graphs or 
pictograms and (4) Critical examination based on the statistical 
investigations and research. All these stages have been described 
at length in succeeding chapters. 

Preliminaries to the collection of data:~Before we actually 
enter into the first stage of statistical investigation, i, e. collection 
of data it is necessary that every feature of the problem or enquiry 
should be carefully examined so as to obtain the maximum benefit 
from the investigation to be undertaken. Failing this, in the 
midst of the investigation it is likely to be noticed that important 
items have been overlooked and unnecessary details on certain 
points are being collected. The steps to be taken in this connection 
include matters such as defining the problem, planning as well as 
outlining the purpose and scope of the enquiry, laying down the 
standard of accuracy, the mode of treatment, defining statistical 
units and determining the available sources of information. 

Defining the problem: —To start with a clear and concise 
statement of the information to be collected regarding the problem 
must be made, as slight deviation in its scope will mean at least 
a partial change in the enquiry. If the problem of unemployment 
is taken for investigation it is better that it is made definite by 
limiting it to a particular set of people such as educated or unedu¬ 
cated, skilled or unskilled labour. If the problem of wages is being 
investigated it is necessary to make it definite by laying down 
whether money wages or real wages are to be considered and if 
other advantages like overtime earnings, free education, etc. are to 
be taken into account or not. In case of the problem of profits of 
companies it is equally necessary to decide whether gross or net 
profits are to be considered. The advantage of this will be that 
irrelevant matter can be easily neglected giving thereby more 
importance to necessary data and guarding against the omission 
of matters of vital importance. 
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Planning: —Planning is the most essential requisite in a 
statistical investigation in the absence of which time as well as 
energy and money are likely to be wasted* Before actually 
starting investigation the available existing sources of 
information should be thought of; otherwise it will be noticed 
that unnecessary energy has been spent on collecting the material 
that is already in existence In some cases the requisite 
material may be in existence in a different form and needed only 
shapping. In many instances it is better to carry on the 
investigation in such a manner that more important questions 
regarding the problem can be taken up first as it is likely that 
it may be seen from the answers received in some cases 
that carrying further the investigation would result in no advan¬ 
tage. Thus, a considerable amount of energy, time and money 
can be saved by dropping the project in hand or by making 
necessary changes. At the time of planning all possible 
sources of error will have to be anticipated and guarded against 
as a proper precaution taken at the time of planning would 
simplify the work in the future. For instance, when a census 
of population is planned the day chosen should be one on which 
most of the persons are likely to be in their places. In India 
particularly in marriage season or on days of festivals or fairs 
many persons go from one place to another and thereby the work 
of census, if fixed on such days, is likely to be more troublesome 
as well as liable to inaccuracies. A statistician has no 
laboratory like a chemist or a physicist and so he has to be more 
careful in matters of planning and the details connected with it, 
to avoid difficulties in future operations. 

Purpose and scopei-The most essential thing in a statisticad 
investigation is the knowledge of the purpose and scope of 
the enquiry as on this depend the various factors such as 
methods of enquiry, degree of accuracy and the extent of the 
data to be collected. It will serve as a guide in solving 
difficulties arising in the process of compilation. A statistical 
enquiry may be undertaken with a view to obtaining description or 
scientific data. In the former case the material is dealt with 
primarily from the historical point of view while in the other the 
aim is to provide material to verify some hypothesis or to 
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establish a law. The purpose again can be general or specific. It 
may be the policy of a government or a business office to maint¬ 
ain statistical records on a comprehensive basis for general 
purposes. If it is for a specific purpose the data to be maintained 
and collected should be based on the specific object in view. The 
decennial census, statistics of trade as well as production can be 
cited as examples of statistics maintained for general purposes. 
In the compilation of this type of data the danger to be 
guarded against is the likelihood of cost becoming disproportionate. 
In many cases it may be found on careful consideration that a 
sample enquiry is likely to serve the purpose without much loss 
of efficiency. The question will, however, be discussed at* length 
in a separate chapter. 

Degree of accuracy:-Absolute accuracy even though it can 
be attained is not necessary to aim at as it will be very often 
at a very high cost and without considerable addition to the 
required standard of accuracy. Again the desirability of the 
degree of accuracy will depend mainly upon the purpose 
of the enquiry. When we are investigating the sources 
of imports it would be sufficient if figures in thousands of rupees 
are taken. But if the research pertains to the rates of interest 
prevailing in the market even two digits of decimals could be 
taken with advantage. Very often it is better to prepare an 
approximately accurate report quickly than to try to compile it 
by taking a long time with a view to aiming at a slightly higher 
accuracy. It is equally important to think of the inaccuracies that 
are likely to creep in because of clerical and other types of errors. 

The unit of statistical data:~A statistical unit which is 
at the basis ’of the compilation should satisfy the following 
requiremeuts :— 

(a) Its definition must be simple, concise and clear. In 
quantitative science a precise and unambiguous terminology 
must be adhered to. Change of definition or different enumerators 
interpreting it in different w^ays will vitiate the results. At the 
outset the task of defining units appears to be simple and easy 
but actually it is otherwise. For instance, when persons are to 
be classed as married or unmarried, in which class should a 
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widower or a widow be placed ? When the price is to be notedi 
which price, cost, selling, retail or whole-sale should be taken ? 
A great difficulty is experienced in interpreting words like 
profits, literate, house in the absence of clear instructions as to 
the method of treatment in the corapliation of the data parti¬ 
cularly as different purpose often necessitate change in the 
scope of the definition. In short, the unit must be specific and 
unmistakable. 

(h) The unit taken should be stable and if it is not so some 
convenient stable standard should be adopted. Suppose we want 
to use a rupee or a dollar we will have to fix as standard 
unit its value on a particular date and day to day values can be 
converted on that basis. In India weights vary from place to 
place. A seer is of 40 tolas in Gujarat while in some parts of U. P, 
it is of 100 tolas. To avoid confusion some standard unit will 
liave to be fixed for the guidance of enumerators. 

(c) The unit must be appropriate to the enquiry undertaken 
and also capable of correct ascertainment. While enquiring 
about the labour employed the weaving department of a mill will 
think of the labour of that department but from the point view 
of a mill the labour will include the number of persons working 
in the various departments as well as in the office. The unit will, 
therefore, depend upon the nature of the enquiry. 

{d) There must be homogeneity as well as uniformity in 
the cliaracteristics of units as, in the absence of this important 
quality, comparison will be very difficult. Particularly when 
average is to be taken, homogeneity is most essential. If this 
is not the case, the difficulty will have to be got over by sub¬ 
dividing the data into groups or expressing dissimilar data in 
terms of equivalents of the selected unit. For instance, the data 
for compilation of an average of the prices of tea sold in the 
market, where three grades of tea are sold at different prices, is 
heterogeneous. In such a case we will have to subdivide the 
data into three groups or classes; price for grade A, price for 
grade B and price for grade C or to express the dissimilar units 
in terras equivalents of the selected units i. e. by fixing some 
proportion of these three grades of tea. This quality of homo¬ 
geneity is particularly important in studying price changes, 
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grdwth of business, bank clearings extending over a period of 
time as changes in conditions nsake it difficult to make proper 
comparisons. 

{e) The units taken should have representative character. 
In case all the items are not likely or convenient to be studied the 
units selected must be of representative type as, if otherwise, the 
result obtained will not give a true picture of the group. 

Types of statistical units :—These units can be classified 
as (1) units of enumeration and (2) units of analysis and 
interpretation. The former are concerned with the measurements 
made and are of two types: simple and composite. A simple unit 
implies a collection of characteristics that usually occur or are 
thought of together. Its meaning is general and it simply 
distinguishes classes; a yard, a rupee, a house denote simple 
uuits and are simple to define. A composite unit is formed by 
adding a qualifying word or phrase to a simple unit and then 
its scope is to some extent limited e. g. a ton-mile or a passenger- 
mile. The amount of a ton-mile can be arrived at by multiplying 
the number of tons by the number of miles over which they have 
been carried. 

Units of analysis and interpretation are those in terms of 
which comparison of the data is made and include ratio, 
coefficients and rates. A Ratio is a way of expressing the 
percentage difference upon some quantity taken as standard. If 
the production of a field is 250 as compared to 100 units of the 
previous year it can be expressed in the ratio of 100 ; 250 or 
10 : 25 or 2 : 5 

A coefficient takes the form of a comparative statement and 
the comparison may relate to space, to lime or to conditions in 
either of them. The production of jute may be shown in maunds 
relating to a province, to a district or even to an acre. Wages 
may be shown in relation to time by expressing them as so many 
rupees for days or months. They can also be expressed as so 
many rupees per week or per day. We also show income of a 
particular province or country in money units but relating to 
the whole of the population and also speak of income per head. 
When there is a comparison of quantities of some kind we use 
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the term i*atio. If a village has 250 literate ahd 1000 illiterate 
inhabitants the ratio of literate to illiterate will be shown. But 
when the two i. e, the numerator and the denominator are of 
different kinds it is designated by rates such the death rate 
calculated by comparing the number of deaths to the population. 
As it will be seen in this case the comparison relates to 
quantities of different kinds. Incidentally it should be noted that 
the death and birth rates are expressed not as percent but as per 
mille i. e. per one thousand. 

In the end, it is very important to note that for a successful 
statistical investigation the statistical data to be collected must 
possess the essential characteristics of comparability, homogeneity, 
completeness, stability, representativeness and freedom from 
personal bias. What comparability can there be between the 
profits of two companies under investigation if in case of one we 
take profits of 1945 and in the other those of 1935 ? We shall 
have to take for this purpose either profits of 1935 or 1945 in 
each case. Homogeneity is another characteristic of importance. 
For this purpose all the statistical facts have to be analysed into 
gproups containing only those units that are similar. For 
ascertaining the average wages of labour in two mills there 
cannot be homogeneity if in one case we take the average of 
wages of only male labourers while in the other we take into 
account wages of both male and female labourers. Incomplete 
statistical data will vitiate the results and the same will be the 
result if data without stability or representative character is 
collected. To ensure stability either a convenient stable standard 
has to be adopted or an average should be taken. To bring in 
representativeness the easy way is to guard against isolated 
cases and to take care in sampling the data. Personal bias is a 
dangerous factor in the collection of statistical data and this as 
well as sampling including errors have been fully discussed in a 
separate chapter to guard against mistakes due to bias and 
sampling in the collection of data. 

Exercise 

1. What is a statistcal investigation ? Discuss its utility 
to various types of people. 
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2% Describe the main stages in a statistical investigation. 

3. Mention the points that should be carefully considered 
before starling a statistical investigation. 

4. Emphasise with illustrations the importance of an exact 
definition in statistics. 

5. Planning is one of the essential requisites of a good 
statistical investigation. Justify this statement. 

6. Discuss fully the essential requisites of a good statistical 
unit 

7. Write short notes on :— 

A composite unit, degree of accuracy, units of analysis, 
personal bias. 

8. If you were to conduct an enquiry into the payment of 
wages in an industry on what points would it be 
necessary for you to be clear before actually commencing 
the investigation work. 
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In the study of statistics it is necessary to distinguish 
between statistical description and statistical induction. With 
' the help of various statistical devices such as averages, dispersion 
skewness we attempt to describe with fair amount of accuracy 
a large mass of quantitative data by replacing the number of 
individual cases by a limited number of measures which bring 
out the characteristics of groups as a whole. When the results 
obtained are confined to the cases actually studied these statistical 
measures describe certain features or relationship of the data and 
the description can be relied upon to a great extent as an accurate 
description of the given characteristics. The real problem arises 
only when we mean to generalize the conclusions arrived at by 
the study of some cases and attempt to apply them to those 
not included in our original study. This process of statistical 
induction or inference, i. e. of generalizing the results obtained by 
studying sample cases and assuming them to be applicale to the 
whole data leads us to the discussion of sampling and its 
reliability. 

Census and Sample :—When a statistical inquiry is to be 
undertaken the immediate problem is whether the investigation is 
to be concerned with the whole group, commonly designated in 
statistical parlance, as ^Universe or * Population \ or with only a 
part of it. These two methods of an enquiry are distinguished by 
the words Census and Sample. In census we collect data regard* 
ing the universe or population and so the problem of drawing 
inferences about the whole group by taking observations 
of the part does not arise. In the case of a sample enquiry 
we try to generalize in terms of the whole group though 
the facts assembled relate only to a part of it. No doubt 
the results obtained by a census are likely to be more reliable 
than those by taking samples. Yet it is, not normally 
expedient or possible to obtain information of the whole 
population, or ‘ universe. * In case we want to study the 
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economic condition of the inhabitants of a village it will 
entail a very heavy drain on time> energy and money if we were 
to study each case but the results obtained by this method will 
not be materially different if we were to achieve them 
by the sample method. If we were to select persons at random 
we shall find that the data will be of a representative 
characteri provided a sufficiently large number has been taken. 
This holds good because of the scientific principle, * Organised'^ 
knowledge is represent at we in character'. It is a matter of 
common knowledge that lakhs of rupees are spent on the decen¬ 
nial census besides taking honorary services of several thousands. 
Such an enquiry is not possible every now and then and 
so even the government takes the census only once in ten years. 
Besides, as a large number of persons is required for an enquiry 
it is neither possible to obtain a sufficient number of trained 
personnel nor to train the enumerators in a short period with 
a view to minimise the likely errors. In short, considering the 
question of time, energy, expenditure and skilled as well as 
efficient labour the sample method is found to be comparatively 
more advantageous than the census only if sampling is based on 
the principles of Statistical Regularity and of Large Numbers. 
These two principles are usually referred to as laws but strictly 
speaking they are tendencies that operate universally. 

Law of Statistical Regularity :—This principle, which is 
derived from the mathematical theory of probabilities, enunciates 
that if a sufficiently large number of objects be selected at random 
from a large group they tend to possess the characteristics of the 
larger group. It must be carefully borne in mind that for the opera¬ 
tion of this important principle the selection of samples must be 
made at random and from objects every one of which having an equal 
chance of being selected. This can be done by taking samples by 
a lottery, by drawing them haphazard or by arranging the objects 
and choosing certain numbers like 12, 24, 36, 48 and so on, 
The point aimed at is that there should not be deliberate or 
conscious selection as it is less dependent upon the theory of 
probabilities. Again, the number of samples taken must be large 
enough as with the increase in number the chances of samples 
conforming to the group increase and then the information 
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collected will be more dependable as the reliability of the 
indication of the sampling is proportional to the square root of 
the number of items included. Because of this it has become 
possible to present a sufficiently accurate picture of a group 
without following the costly and labourious method of census 
i. e. of having a complete enumeration of all the objects. As a 
matter of caution it should be noted that the results obtained 
from the sample data will not be exactly equal to the results got 
by investigating the whole population but they will be very nearer 
to them depending upon mainly the large number of samples and 
also the method of sampling. 

Law of Inertia of Large Numbers:~This is a corollary of 
the Law of Statistical Regularity and enunciates that if the 
numbers involved are large the total change is likely to be quite 
insignificant. In other words the larger the groups or aggregates 
of data the higher wdl be the degree of stability. This is due to 
the fact that in a larger group when some objects will vary in 
one direction others may vary in the opposite direction a few 
remaining without registering any change. All this means that 
changes in either directions would to a great extent compensate 
one another and such changes are more in a larger group than in 
a smaller one unlsss by a rare chance most of the movements 
are one-sided. By this it is not meant that there would be no 
changes or movements over a period but it only shows that such 
changes, when a large group is concerned, will be more gradual as 
well as regular. 

Attributes of s good sample: —With a view to obtaining 
satisfactory results by taking only samples and by not taking a 
complete census of the universe it is incumbent that the samples 
chosen should possess the essential attributes. Every object in the 
universe must be independent and must have an equal chance of 
being taken as a sample. If otherwise, samples are likely to be 
drawn more from one group which will defeat our purpose. The 
samples should be such as would really represent the mass 
forming the whole population and not only a part of it. To 
guard against this danger the easier course is to group the data 
properly as this will not allow lifting unrepresentative samples. 
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Personal bias very often comes in the way of right type of 
sampling and this can be got over by random sampling or by 
some other method. Unconsciously most easily accessible objects 
are selected to avoid extra work but therein lies the risk of only 
a particular type forming a majority in the number of samples 
taken. This is far more true in the case of returns or samples 
voluntarily tendered as they are very often from interested parties. 
Lastly, as already emphasised, the number of samples taken 
should be as large as possible because with increase in the number 
of samples there will be an increase in the accuracy in the results 
to be achieved. ^ 

Method of samplingt-The methods commonly used for 
selecting samples from the ‘Universe’ or ‘Population’ are 
(1) Extensive, (2) Representative or Deliberate and (3) Random or 
Chance sampling, 


{a) Extensive sampling: —In extensive sampling effort is 
made to obtain information about as many objects as possible 
and so this process leads to almost complete enumeration. As 
all cases are not normally covered we call it sampling in the strict 
sense of the term though it is more an enumeration of the group 
than sampling, As is natural in this method all the cases about 
which information can be easily obtained are included with the 
result that it does not become really representative in character 
in the absence of the inclusion of the information about a section 
of cases for which more effort is needed, This may or may not 
be due to any bias but all the same this defect is very likely to 
exist in the result obtained. 

(6) Representative sampling: —In this method effort is 
made to get over the want of representative character by conscious, 
purposive or deliberate selection. The person in charge of the 
investigation selects cases which appear to him typical or represen¬ 
tative in character. Though by this method we try to get over 
the defect of the previous one it is very likely that the investigator 
may consciously or unconsciously select such cases as may 
produce results desired by him. But if he is not allowed to exercise 
his judgment and samples are selected at random most probably 
the results may be more reliable. This is, therefore, a desired 
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method if it is being worked out by persons who are seekers after 
truth but, if otherwise, it will be a dangerous sharp-edged tool of 
mathematical interpretation in the hands of an average investigator. 

(c) Random or chance selection :—In this method there 
remains no scope for bias of any type as the samples are selected 
by a draw in a lottery, by taking samples at some stated ranks in 
the population say, every eighth or at some other interval or by 
picking them here and there without any predetermined idea. In 
case of a lottery every item is given a consecutive number and 
slips are made out for each number and, they are then freely mixed 
to change the order completely. Slips are then picked up and those 
cases shown by the numbers chosen are investigated. The other 
method is of arranging the data in an ascending or descending 
order or in groups and then choosing numbers at stated intervals 
say 7th, 17th, 27th, 37th and so on. In stratified^ sampling Hxt 
objects are divided into convenient groups having as far as similar 
characteristics and then samples are selected by taking equal 
proportion of items from each group instead of random sampling 
from the whole universe. This is likely to yield better results 
particularly m social and economic surveys. In case of haphazard 
picking of samples there is no particular method except depending 
fully upon the theory of probability. However, it is necessary 
to see that only those cases quite close at hand are not taken to 
the exclusion of others as this will defeat the very object of random 
sampling. In random sampling particular care must be taken to 
see that at the time of sampling all objects possess equal chance 
of being selected and that a sufficiently large number of objects is 
taken for investigation to allow a fairplay to the two laws of 
Statistical Regularity and Inertia of Large Numbers. 

Reliability of Sample: —The reliability of the sample taken 
can be seen by the ^^Stability tesi\ In this the samples taken are 
divided into two equal parts by random sampling and then it is 
seen whether or not the characteristics of the original samples are 
depicted to a reasonable degree in tlie divided parts. The other 
way is of selecting from the original data a new and unbiassed 
sample equal in size to the sample already taken for comparing 
the characteristics. 
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APPROXIMATION 

Statistics is mainly based on estimates and so the accuracy 
of accounting or mathematics cannot be expected. In the first 
place it is very rarely possible to collect information regarding 
every object in the ‘ universe * or ‘ population \ When we are 
preparing crop statistics or statistics of yield it is almost 
impossible to measure every inch of ground sown under a 
particular crop nor is it easy or probable that every seer of yield 
will be accurately measured and recorded. Even with the best 
intentions this is not practicable and an attempt at this will mean 
unnecessary waste of energy and money without any adequate 
compensation. This is achieved mainly by estimates. Even if 
we think of the decennial census accuracy remains only the 
cherished object. When millions of persons are to be counted 
and the collection of information in some cases is left out 
inaccuracy does creep in. What is to be guarded is a reasonable 
degree of accuracy by resorting to more up-to-date methods and 
aiming at as high a degree of accuracy as possible which will 
mainly depend upon the circumstances of each case. For 
instance, in the case of the production of gold ounces will be 
cared for while in the case of the production of iron even a pound 
will not be given much importance. 

In statistical work approximation plays an important part 
along with estimation. Many investigations are based on 
estimates and their result worked out on approximation may very 
often be of great importance from the point of view of ease as 
well as clarity. If the figures of export of cotton and its 
consumption in the country are to be collected it serves no 
purpose to put them on record to the last digit of ten or of hundred. 
Approximate figures correct to the nearest hundred or even 
thousand maunds in some cases will be appreciated as it will reduce 
the calculation work without much loss in accuracy in the results. 
The process of approximation consists in showing the data having 
large figures more clearly without much loss of efficiency and 
thereby faciliting further calculations. The output of the 
colliery A can be shown as 21,75,000 when it is actually 21,75,123 
tons and 12,62,000 of the colliery B when it is recorded as 
12,62,112 tons. 
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The degree of accuracy can be shown by adopting one of the 
foHowing ways:— 

{a) The quantity of wheat sold is 5570 maunds in round 
number. 

(6) The quantity of wheat sold is 5570 maunds plus or 
minus an amount not exceeding one-half. Mathematically 
it can be shown as the quantity of wheat sold is 
5570 =*=*5 maunds. 

(c) The quantity of wheat sold is between 5569*5 and 
5570*5 maunds. 

(d) The quantity of wheat sold is 5570 maunds correct to 
0*008 percent. 

Methods of approximation: —Approximation can be 
done (1) by discarding digits to arrive at a round number. In this 
no consideration is made of the digit which is more than half or 
less than half. It is simply dropped, thus:— 

273)200 maunds would become 273,000, 

594,800 maunds would become 594,000, 

22.85 ounces would become 22, and 
27.12 ounces would become 27. 

(2) When approximation is done by using the next highet 
whole number the figure will be raised as shown below:—• 

273,200 maunds would become 274000 

594,800 maunds would become 595000 

22.85 ounces would become 23 
and 27.12 ounces would become 28. 

(3) The proper method is of approximating to the nearest 
whole number In this if the digit to be approximated is more 
than half it will be raised while one that is less will be reduced. 

273,200 maunds would would become 273,000 

594,800 maunds would become 595,000 

22.85 ounces would become 23 and 
27.12 ounces would become 27. 
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When approximation has been made it is necessary to bear 
in mind that in doing mathematical operations of the approximated 
figures the error is likely to be increased or decreased according 
to the nature of the operation. Really speaking an error in 
approximation does not refer to any mistake in compilation but 
to the difference between the actual and approximate figure. 


Errors: —In statistics the word error is not constructed as 
mistake but as one denoting^ the difference between the estimation 
and the actual measurement An error can be measured absolutely 
or relatively. An absolute error is the difference between the 
estimated and real value while a relative error is the ratio of the 
absolute error to the estimate. If the actual income of A is 
18,160 and it has been estimated at Rs. 18,000 the absolute error is 


160 and the relative error is 


/ 160 
\ 18,000 


^ i. e, 0,009 or 0.9 percent 


For comparative purposes a relative error is a better guide than 
an absolute one. For instance, if the number of labourers in 
mills A and B were estimated at 2700 and 1000 respectively when 
actually the mill A has 2680 and B 960 the absolute error in case 
of A is 120 while in B it is 40. the relative error being 0.004 
in A. and 0*04 in B. The relative error has thus revealed the 
difference more clearly. 

Sources of statistical errors: —Errors of origin occur 
because of a lack of proper definitions of the subject matter or of a 
bias in information. While taking census, if proper definition of 
a married person is not given, some might class a widower or a 
widow under married while others will do otherwise. Errors of 
manipulation are due to arithmetical as well as clerical errors 
occurring involvntarily in measuring, counting or approximating 
figures. If samples taken are not sufficient, errors of inadequacy 
will spring up. 

Biassed and unbiassed errors: —Biassed or Cumulative 
errors which are based on prejudice err always on the same side or 
direction and thereby cumulate the error. Unbiassed, Compensa¬ 
ting or Fortuitous errors on the contrary err on either side and so 
they tend to eliminate each other thereby not materially 
affecting the results. If a merchant measures cloth with a yard of 
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35 inches in every yard he will leave one inch and with the increase 
in the number of yards measured the mistake will be increased* 
On the contrary, if his yard be of correct measures but in measur¬ 
ing he makes mistakes, sometimes they will be of short measure 
while at other times they will be of longer measure, and so these 
mistakes would compensate against each other. In the former case, 
however, they would accumulate as would be seen from the follow¬ 
ing e3cample of approximation, 


Actual 

Estimated figure by taking 

figure 

1 

Lower digit 

Higher digit 

Nearer digit 


2 

1 ^ 

4 

72.6 

1 

i 72 

73 

73 

1 

72.4 1 

72 

73 

72 

72.7 

1 ^2 


73 

72.3 

72 

73 

1 

72 

72.8 

72 

73 ’ 


72.3 

! 

72 

73 

72 

435.1 

432 

438 

1 

, 1 

435 


The actual total is 435.1 but in columns (2) and (3) the 
figures have been approximated with a bias. In the former they 
have been written at a lower digit while in the other they have 
been placed at a higher digit The result is that m both the cases 
there has been a cumulative error. In the last column the 
approximation has been done without any bias or prejudice and 
the figures have been taken to the nearer digit it may be lower 
or higher. The total, therefore, has been found to be almost correct 
as the errors have been compensatory. In research work which 
3 
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depends mainiy on the data collected it is very necessary to guard 
against errors and more particularly against those of biassed type. 

Exercise 

1. Distinguish between statistical description and statistical 
induction. 

2. Give the advantages of a sample enquiry over a census. 

3. ‘Organized knowledge is representative in character’, 
Discuss. 

4. Explain the Law of Statistical Regularity. 

5. Give the essential requisites of a good sample. 

6. Give all the methods of sampling and state with reasons 
the method you recommend for an industrial survey of 
a district. 

7. How will you test the reliability of the samples taken 
in a statistical investigation? 

8. Mention the advantages of approximation in statistics. 

9. Give the sources of statistjcal errors and state how they 
can be avoided. 

10. What is random sampling ? Show its superiority from 
statistical standpoint over deliberate sampling. 

11. Write short notes on:— 

Inertia of large numbers, stratified sampling, stability 
lest, relative error, biassed errors. 

12* What is a statistical error? How far does it generally 
affect the value of a statistical investigation? 



CHAPTER IV 

COLLECTION OF STATISTICAL DATA 

After the preliminary factors such as defining the problem, 
scope of enquiry, degree of accuracy, requisites of good statistical 
data including sampling and possibility of likely errors have 
been discussed at length, we take up the problem of the collection 
of statistical data. As stated already this is the foundation of 
statistical investigation and upon its accuracy and thoroughness 
the quality of succeeding operations of tabulation, summarization 
and interpretation depend. 

Primary and Secondary data: —Statistical data are usually 
classified on the basis of proximity to original observations as 
Primary and Secondary. Data gathered by original observations 
measurement, count or original recording during the investigation 
are known as Primary data^ while data collected originally by 
some one else are known as Secondary data and so are removed one 
or more steps from the original enumeration. The data collected 
by the Census organisation are primary data for the Census office 
but are secondary data when used by others. It will be seen from 
above that this distinction between the two is not clear-cut but 
one of degree. Data which are primary in the hands of one become 
secondary in the hands of the other. In the same manner very 
often a distinction is made between primary and secondary 
sources of statistical data. The original compiler of the data is 
the primary source but one who gives the data originally gathered 
by some one else is a secondary one. Methods too are classed as 
primary and secondary. One collecting original data is classed 
as Primary while the other collecting data which have been 
already worked over is called Secondary method. 

Methods of collecting data: —The different methods of 
collecting material for statistical purposes can be divided into 
two sections depending upon the class of data which may be 
primary or secondary. 

A—For the collection of primary data:— 

1, Direct personal investigation. 
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2* Indirect oral investigation. 

3. Estimates from correspondents, 

4. Schedules filled by informants, 

5. Schedules in charge of enumerators, 

B—For collection of secondary data 

The main sources of secondary data can be divided into the 
following groups:— 

1. Government publications. 

2. Publications of commercial and trade associations. 

3. Information obtained from newspapers and periodicals. 

4. Private organisations. 

1. Direct personal investigation:-~This methods is parti¬ 
cularly useful when only a few cases of intricate nature are to be 
studied intensively. The classic example of the type of investig¬ 
ation is of Le Play who spent a long period in studying 
Workingmen's budgets in Europe. He actually lived with some 
families for this purpose for days together. This method can 
be followed only if the cases to be investigated are few. Though 
not so intensive the work of Rowntree in York in 1900 was of a 
similar nature. No doubt by this method the results achieved 
will be far more accurate, practically because of the personal 
interest and supervision at every stage of the enquiry. What 
investigation would be more reliable than the one conducted with 
one’s own eyes and ears. The chief drawback, however, is that 
an extensive field of enquiry cannot be covered by this method. 
In the first place in some cases such an enquiry may not be 
feasible and, in others, by the time it is finished that data might 
have gone out of date because of the considerably long time 
taken to collect it. As the number of cases that can be studied by 
this method is bound to be meagre they cannot be considered 
sufficient to constitute a fair sample of the statistical universe. 
Besides this, there is a great chance of personal bias influencing 
the investigation as it is likely that the investigator may start 
with some preconceived ideas of his own apart from the fact that 
such in> estigations are usually costly as well as dilatory. 
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In the event of the method being not practicable in some 
cases, as the investigator may not be in a position to be on the 
spot or to devote the necessary time, evidence can be collected by 
qiaestioninjf cross*-examining persons who are directly in 
touch with the facts under investigation. This method will not, 
of course, be so successful as the investigator has to depend upon 
the knowledge as well as on goodwill cf the other party. But with 
reasonable care, simple, short and clear-cut questions and 
courteous behaviour on the part of the investigator the results can 
be improved. 

2. Indirect oral investigation:— This method is resorted 
to when the field of investigation is so vast that it cannot be 
conveniently covered by direct personal investigation or when the 
nature of information to be obtained is of complex nature and 
the informants are indifferent to give it if approached directly. 
Evidence is then sought from third parties who are in touch with 
the facts under enquiry. Enquiry committees and commissions 
adopt this method, but great care as well as discretion is necessary 
in recording such evidence. This type of investigation is done 
by keeping some standard set of questions at hand. It is, 
however, risky to rely wholly on this type of evidence unless it is, 
ascertained that the informant really possesses adequate 
knowledge of the facts and that he is not in any way prejudiced 
or motivated in presenting the facts in a particular way. Even 
with all sincerity due to optimistic or pessimistic nature of 
a person facts are likely to be presented differently. 

3. Estimates from Correspondents: —Under this plan 
for investigation there is no formal collection of data but estimates 
are called for from local agents and correspondents and reliance 
is placed on their ability to obtain them. This method is 
particularly advantageous in conducting extensive investigations 
cheaply and expeditiously but where accuracy is not of very great 
importance. This method differs from the two other methods of 
getting questionnaries or schedules as in this method it is usually 
presumed that the correspondent does not possess very accurate 
knowledge and that the facts supplied are more estimated than 
counted. Various crop reports obtained by the governments are of 
this type. If individual reports are considered they may not be 
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accurate but taken together the results are likely to be fairly 
accurate as the errors involved in individual reports are likely to 
compensate each other, 

4. Schedules filled by informants; —In this method 
schedules of questions called ‘Questionnaires’ or Blank forms (so 
called because of the provision of blank space for writing 
answers) are sent to informants with a request to return them 
duly cfompleted. This method differs from the previous one only 
in that the questions expected to be answered are those about 
which the informant is supposed to possess definite as well as 
accurate knowledge. This method is inexpensive and, if honest 
co-operation and active support of the informants can be enlisted, 
the results are fairly accurate and reliable. But in the absence 
of any type of complusion or active interest a large percentage 
of schedules is not returned and those that are received are mostly 
from interested parties. Due to want of proper care many 
schedules returned are incomplete as well as inaccurate. If a 
letter couched in polite language with a stamped envelope is sent 
the response is likely to be better. This method is largely adopted 
by private individuals as well as by institutions and even by the 
government to collect statistics of wages, unemployment, factories, 
etc., as by this method the investigation work is cheaply as w^ell 
as quickly done, particularly when a large territory is to be 
covered. It is but natural that accuracy by this plan of work will 
not be as high as is possible when the schedules are in charge of 
enumerators. 

This method, however, is defective in some respects. Persons 
are usually willing to give information orally but many of them 
will not commit it in writing. Interested persons make it a 
point to return schedules duly completed but many others for no 
particular reason do not send them and so the results obtained 
are likely to be on the whole not of a representative character. 
To achieve better results and co-operation it is necessary to write 
polite letters to informants promising to treat the information 
supplied as strictly coufidential. Again, the questions referred to 
should be on matters with which the informant is expected to be 
fairly familiar, as it is unlikely that one would hunt up 
information to fill in the schedule. The questions should be 
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clearly worded and should admit of no ambiguity. Their number 
too should be small and mostly relating to present day matters 
as to a great extent inaccuracy creeps in the answers requiring 
strain on memory. They should not give oflfence of any kind 
or create suspicion in the mind of the informant. If these 
precautions are taken and careful checking of the schedules is 
done we can achieve a fair amount of success by this method. 
To secure answers from many informants the usual follow-up 
plan adopted by commercial firms will be of considerable help. 

5. Schedules in charge of enumerators; —When the 
schedules are to be filled up by informants the difficulty 
experienced is that many informants do not care to return them 
without even any particular reason. To get over this defect this 
method of sending enumerators to collect the necessary informa¬ 
tion is adopted and has been found by experience to yield better 
results. The success of this method depends largely upon the type 
of enumerator employed. As they are to personally get the 
schedules completed there are less chances of omissions or wrong 
interpretations of questions. II they are given some initial 
training before they are sent out, uniformity, proper selection of 
samples, etc, can be ensured. This method, though it yields good 
and correct result, is costly to be adopted by private individuals or 
by institutions and is therefore mainly employed for government work. 

Enumerators:—It is the enumerator who is primarily 
responsible for the statistical investigation and as such the 
success or otherwise of the enquiry mainly depends upon him. 
As it is not possible for the person-in-charge of the investigation 
to approach the whole ‘Universe* he takes the assistance of several 
enumerators. It is very necessary that they must be well-behaved, 
cool-headed, courteous, tactful, diligent as w^ell as intelligent, besides 
being honest and sincere. As they have to get the information 
for writing schedules they have to be polite and courteous; other¬ 
wise the other party may not respond whole-heartedly. While 
dealing with illiterate persons they will have to be cool-headed as 
they are not likely to understand the questions clearly and hasty 
as well as short-tempered enumerators may not succeed in getting 
the required information. Great tact is required to elicit answers 
and sometimes to cross the party when he is trying to give vague 
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or evasive answers. For instance, in the last census it was required 
to ascertain the age of a woman at the time of the birth of the 
first child. This information can be easily obtained by ascertain¬ 
ing the present age of the mother as well as that of the first issue. 
Enumeration is a tedious work and only diligent and sincere 
persons can do it well. Above alb as Dr. Bowley has saidi ‘In 
collection and tabulation common sense is the chief requisite and 
experience the chief teacher.’ It has been often noticed that 
enumerators fill in questionnaries without actually approaching 
the parties or at least without ascertaining full details. In making 
statistical survey it is a good policy to have supervisors to check 
the work of enumerators employed as well as to guide them. 
Careful selection of enumerators as well as supervision over their 
work will to a great extent raise the efficiency of the investigation 
work. 

Questionnaries: —For collecting statisiical data the 
information obtained is recorded on specially designed forms 
called ‘Schedules’ or ‘Questionnaries.’ Though both the words 
are often used without any distinction, ‘Schedules’ are forms 
which are ordinarily filled by trained enumerators who go about 
collecting the required information while questionnaries are fiilled 
dy informants. The success of the enquiry undertaken largely 
depends upon the drafting of a suitable questonnaire and 
so it is necessary that proper care should be taken in its 
preparation. 

Requisite of a good schedule or questionnaire: —A well 
drafted schedule or questionnaire should as far as possible satisfy 
the following requirements :— 

1. There should be as few questions as possible but not so 
few as not to be able to have full information and yet not so many 
as to tire out the patience of the informant. 

2. Questions should be clearly worded making them easy to 
understand and free from ambiguity of any type. When a question 
about price is asked it should be clearly stated whether cost or 
market price is to be taken into account, 

3. The questions should be such can be answered without 
any kind of bias and by ‘Yes’ or ‘No* or by simple numbers. 
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Such answers simplify the work of tabulation. Replies like 
‘Fairly well’ ‘So so’, ‘plenty’ etc. serve no useful purpose in 
statistical investigation and so where opinion is required the 
questions should be so worded as to require an unqualified affir¬ 
mative or negative answer, 

4. The questions should not be unnecessarily inquisitorial 
so as to offend the party concerned or to arouse antagonism in 
any way or such as would mean asking some most private or 
confidential matter of the informant. 

5. As far as possible the questions framed should be 
corrobarotary at least on points of importance. They will serve 
as a good check on answers received. 

6. The questions framed should be such as can be answered 
by the informant with definite knowledge and information at 
his command. 

7. The question should be directly related to the point of 
information desired. They should be sufficiently inclusive but 
unnecessary information should not be solicited. 

8. In case the questionnaire is to be filled by an informant 
it is necessary that a statement giving reasons for the question¬ 
naire and the use to which it is to be put should be given with a 
request for co-operation. 

Specimen questionnaires: —Two questionnaires, one issued 
for an enquiry into the ‘After careers of graduates’ instituted by 
the University of Bombay and the other for an enquiry into the 
working of Co-operative Housing Societies are given below;— 



AN INQUIRY INTO THE AFTER CAREERS OF 
GRADUATES OF THE BOMBAY UNIVERSITY 

1. Name 

2. Sex 

3. Age 

4. Religion 

5. Married, Unmarried, Widower 
or Widowed 

6. University Degree or Degrees 
taken in the year— 

1935 ... 

1936 ... 

1937 ... 

7. Whether employed or unem¬ 
ployed? 

8. If employed, whether employ¬ 
ment is permanent or temper, 
ary, part-time or whole-time ... 

9. Means adopted to secure employ¬ 
ment 

0. Present occupation . 

11. Whether eneaged in a business 

or profession on your own 
account or in service . 

12. If in service, state whether 

employed . 

(t) by the Bombay Government, 

(it) by the Government of India, 
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{iii) by railways, semi—Govern¬ 
ment concerns like the 
Bombay Municipality, 
Bombay Port Trust, etc. 

(tv) in private schools, 

(v) in commercial offices, Banks, 
etc. . 

13. If engaged in a profession please 

state which . 

14. Are you following the profession 
because of your failure to get 
an appointment ? 

15. What is your starting pay? ... 

16. How long after taking your first 
degree and wishing to secure 
permanent employment you 
secured {a) temporary employ¬ 
ment, (6) permanent employ¬ 
ment. 

17. If employed temporarily, please 
state the total duration of 
employment since taking your 
first degree 


Note —If engaged as a private tutor this should be speci¬ 
fically mentioned. 



CO-OPERATIVE HOUSING SOCIETIES 


h Number of Societies... 

2. Type... 

(a) Co-partnership... 

(b) Tenancy ownership ••• 

3. Total membership... 

4. Total share capital... 

5. Methods of financing used— 

(a) Government loan... 

(b) Deposits from members ... 

(c) Deposits from non-members 

(d) Debentures. 

(e) Loans from charitable 

institutions. 

(f) Other sources. 

6. Average rate of interest at which 

funds are obtained. 

7. Rate of interest charged on 
loans to members... 

8. Area of the Co-operative 
Housing Societies ..... 

9. Year in which the first society 

was registered. 

10. Number of plots and their 

average size. 

11. Can a member hold more than 
one plot? 

12. How are the common expenses 
shared? 

13. Is there any help given to 
societies by- 

(a) Municipality- 

(b) Government- 

(c) Any other body- 

14. Any other feature. 


Province.. 
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Secondary data:~The collection of primary data is costly 
as well as laborious and so we have in many cases to fall upon 
secondary data. It is true that the results obtained from this 
source are not as satisfactory as those from the former. Besides 
this the statistics already collected may or may not be in 
conformity with the requirements of our present enquiry, as terms 
may have been used in peculiar senses or measurings may have 
been imperceptibly changed. In short, as Connor has said, 
‘Statistics, especially other peoples’ statistics, are full of pitfalls 
for the user unless used with caution,* 

Scrutiny of secondary data: —When statistical data is 
derived from the secondary source it is likely that due to 
limitations or inaccuracies present therein the conclusions drawn 
therefrom without necessary adjustments may not be correct. It 
is, therefore, incumbent to scrutinize the data carefully in light of 
the following points:- 

1. The status of the compiler as well as his ability and 
means to collect statistics should be taken into account. A 
government department or a statistician of standing can be relied 
upon but data collected by inexperienced or interested parties will 
have to be taken with proper secrutiny. 

2. The source of information is equally important. Stati¬ 
stics collected by municipalities and local bodies for the 
government departments are likely to be more reliable than the 
material obtained from private parties. 

3. The scope and object of enquiry of the original investiga¬ 
tion will have to be looked to with caution as if the objects of the 
two enquiries are not identical, the data already collected may not 
serve the required purpose. 

4. The method of collection of data plays an important 
part. There is a difference between the data collected by census 
and sample methods and between the data collected by 
random and deliberate sampling. The statistical matter collected 
by personal enquiry is certainly far more accurate than that 
obtained with the help of questionnaires. 

5. The definitions of different items should be seen very 
carefully. The exact significance of the terms used should be 
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observed minutely. A house may mean a dwelling with one or 
more rooms, so also profits may mean gross or net. 

6. In considering statistical matter the degree of accuracy 
observed in collecting the data under consideration will have to 
be seen in determining the accuracy of the conclusions to be 
drawn therefrom. 

7. Very often it happens that the conditions may not have 
remained homogeneous, Tastes, habits and customes might have 
changed after the data was collected and the material may not 
properly fit in the changed circumstances. Some years ago 
by transport was meant only water and land transport but 
in the present times air transport has to be included. Similarly, 
geographical divisions might have been changed due to political 
circumstances. 

8. The period covering the data particularly in the case of 
time series is of importance, as the data for a short period is likely 
to be influenced by short-term fluctuations. 

9. We must also enquire about the organization that 
supplies the data with a view to noting whether there is any possi¬ 
bility of bias or prejudice influencing the material collected. 

In short we have to see from various angles whether the 
data available can be suitably applied to the problem in hand. 
It is no doubt true that this method of collecting data is far 
cheaper but cheapness alone cannot be the factor to be taken into 
account. 

Important sources of secondary data: —As said already 
the important sources of secondary data are as 
under:— 


1. Government publications: —Every government in the 
course of its administration collects statistical material. Various 
returns regarding crop statistics, vital statistics, trade statistics 
etc., are called for and unless the data be of a confidential nature, 
people have access to the material which may or may not exactly 
fit the enquiry on hand. Besides these, now and then special enquiry 
committees are appointed and their reports are published and 
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made available to the public. When this material is to be 
made use of in addition to other things particular care should 
be taken to study its limitations and the purpose for which it 
was collected. 

2 . Publications of commercial and trade associations:-^ 

The various chambers of commerce and trade associations of 
different types issue their reports on special topics and also 
conduct enquiries in certain cases. This material as well as trade 
papers are of great value for collecting statistical material, 

3. Information obtained from news-papers and perio¬ 
dicals: —‘Capital’, ‘Commerce’, ‘Eastern Economist’, ‘Indian 
Finance,’ and other periodicals give considerable amount of 
statistics m their issues. Besides, some of them publish year books 
giving consolidated statistical material on various topics. States¬ 
man’s Year Book, Times of India Year Book, Indian Finance 
Year Book can be cited as important sources of statistical 
information on commercial as well as on other topics, 

4. Private organizations:-Besides these there are various 
other clubs and research bureau that collect statistics. University 
departments carry on research m different topics and statistical 
material is collected which is available for use to others as well. 

In addition there are unpublished statistics but in all cases 
it is very imperative that proper precrutions should be taken as 
discussed already to see how far they can be used without 
necessary adjustments to suit the requirements of the problem 
in hand. 

Choice of Method: —We have discussed at length the 
various methods commonly made use of in the collection of 
statistical material. Which particular method should be availed 
of will depend largely on the circumstances of each enquiry, 
particularly the amount of funds, man power, time required, 
accuracy desired, sources of information and the agency 
available. In some cases there is hardly any choice left. For 
instance, if a decennial census is to be taken, the government 
will have to be approached, as it is beyond the scope of any 
private individual or institution to conduct it with the required 
efficiency. 
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Exercises 

1. Distinguish between primary and secondary data and 
state to what extent they may be considered reliable. 

2. Give the important methods of collecting statistical 
data. 

3. In which case is the method of direct personal 
investigation particularly useful? 

4. The method of getting schedules filled by informants is 
cheap as well as good. Do you agree with this 
statement ? Give reasons in support of your opinion. 

5. What qualities should a good enumerator possess ? 

6* What precautions are needed in framing a questionnaire? 

7. How will you test the reliability of secondary data? 

8. Give the important sources of secondary data and 
mention their limitations. 

9. Write short notes on :— 

Schedule, enumerator, estimates from correspondents, 
Government publications. 

10. Draft suitable questionnaires for enquiries regarding: 

(a) Effect of decontrol. 

(b) Sugar industry in Bombay State. 

(c) Cost of living of workers in a local factory, 

(d) Market research regarding the sale of radio in 
your town. 

11. ‘In collection and tabulation common sense is the chief 
requisite and experience the chief teacher.* Discuss this 
statement of Dr, Bowley. 

12. Draft a suitable questionnaire for the industrial survey 
of a province. 
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CLASSIFICATION AND TABULATION 

Statistical data collected in the course of a statistical enquiry 
very seldom comprises of simple matter which can be easily 
presented and understood without any special treatment. It is 
very difficult to appreciate at a glance or even after a careful 
study to bear in mind the information contained in the several 
schedules collected by enumerators. It is, therefore, necessary to 
condense the data by curtailing the amount of insignificant features 
and by bringing it into a form by which the significant details 
become more prominent. This is achieved by the process of 
Classification and Tabulation. The former consists in grouping 
the items according to their common characteristics and the later 
in arranging them suitably in columns and rows. This task 
appears at first sight to be very simple and requiring no trouble 
or thinking but one realizes only by experience the difficulties 
and pit'falls that are to be got over by exercising great care and 
patience in getting the mass of matter classified and tabulated. 

Classification 

The first and foremost step after the collection of the data is 
classification. For instance, when the census is taken a mass of 
matter in the form of schedules will be collected giving information 
about age, sex, civil condition and education. But it will need 
proper classification before this statistical data will serve any 
useful purpose. Groups will have to be made by taking into account 
common characteristics or attributes of the various units under 
consideration such as age, sex, etc. Classification is thus the 
process of arranging the available matter in groups or classes 
according to resemblance and likeness. 

The main object of this process is to bring out points of 
similarity as well as of dissimilarity existing in various units 
and the^reby curtailing unnecessary details and making it easier 
to form mental pictures of objects of perception and conception 
and also to save mental effort as well as energy and time. In 
5 
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addition, when the matter is available in a classified form> compar¬ 
isons can be made and inferences drawn with more ease as well as 
accuracy. It also helps in bringing to light or at least in promin¬ 
ence that information which would have otherwise remained 
unnoticed because of its lying in a mass of matter. 

Statistical data:^Before the information collected for 
statistical purposes is classified it should be critically examined 
and schedules found incomplete or those containing errors, 
inconsistencies and omissions should be corrected or rejected with 
a view to avoiding results being vitiated by the inclusion of schedules 
with these discrepancies. It is the weakest link in the chain that 
determines its strength, and even though the rejection of some 
matter will mean reduction in the statistical matter collected, this 
will certainly improve the quality of the work. In examining the 
matter it should be borne in mind that nothing is a statistical 
fact which does not correctly represent the whole data and has not 
been properly checked and verified. Taking a few abnormal 
cases here and there and generalizing therefrom is certainly 
dangerous. Complete information relating to the particular fact 
has to be collected and it should in no way be subject to personal 
bias or embellished by personal opinion. 

Basis of Classification: —Statistical facts after they are 
properly scrutinized are classified according to different elements 
involved therein e, g. the Time element, the Space element 
and the Attributes. In doing so, all the statistical observations 
caHed Variates are considered similar in all respects except in 
the particular element under consideration. When they are 
classified according to the Time> Temporal or Historical element 
the essential characteristic seen is chronology, and so importance 
is attached only to the time at which the objects in question 
were measured or to the occurance of the events in question. 
In case of the Space element the variates are taken to be similar in 
all respects except their location in space. The element of time 
is considered insignificant as the observations are made at the 
same time. When classification of rainfall is given bf time the 
rainfall of different years is shown but in case of spatial 
classification the recorded rainfall of different places will be given. 
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When the classification is on the basis of attributes all variates 
are considered as similar except for the possession or destitu¬ 
tion of certain characteristics or attributes such as weights, 
height, salaries, etc. This group can be further subdivided into 
three sub-groupst {a) groups in which the attribute is either 
present or absent, e. g. a male or female; (6) groups in which 
the attribute is present in varying degree,* e g. groups showing 
the ages of persons and (c) groups in which the attribute is of 
varying quality, e, g. groups of persons with different professions 
such as doctors, pleaders, teachers, etc. 

Simple and Manifold Classification; —Classification is 
also determined by two kinds of characteristics possessed by the 
individual units of a group: descriptive and numerical. The 
latter is susceptible to quantitive measurement such as age 
wages, heights, etc. and observations of this type can be classified 
according to class-intervals. Observations possessing descrip¬ 
tive characteristics can be classified by some natural or physical 
lines of demarcation such as sex, civil condition, literary, occupa¬ 
tion, etc. When one particular characteristic is seen, say married 
or unmarried, literate or illiterate, only two classes are formed— 
one having the particular attribute and the other without it. 
The classification of this type where there are only two sub-classes 
is known as Simtiie Classification or Classification by Dichotomy, 
If we study more attributes at a time several classes are formed. 
If civil condition, literacy, as well as sex are studied at one time 
there will be several classes such as married literate women, 
unmarried illiterate males, and married illiterate women. When 
each class is thus divided into more than two sub-classes the 
classification is said to be Manifold. 

t 

Series and Groups: —The terms series and groups are often 
indiscriminately applied to the classifications described already. 
Strictly speaking, the term series conveys the idea of time and as 
such it is to be used in Historical or Temporal classification 
reserving the other term for the remaining two. A series, therefore, 
consists of a number of observations in which the time factor is 
predominant while in the case of a group the observations are 
spatial or attributive in character. 
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The groups can further be sub-divided as objective and sub¬ 
jective. If the observations in the group are of the same object 
they are called objective while the groups having observations of 
different objects are known as subjective. This distinction is to 
be borne in mind as the conclusions drawn from the objective 
observations are not likely to be applicable to those of subjective 
nature. 

Seriation: —A set of statist!:al items arranged with respect 
to definite rules of classification is termed a statistical senes. It 
IS formed by arranging two variable quantities side by side so 
that measurable differences in the one correspond with those in 
the other and this process is known as seriation. The rainfall in 
Bombay in successive years will form a statistical series as the 
rainfall being one measurable quantity will be arranged against 
another measurable quantity i. e. different years. Similarly, the 
numbers of labourers in mills can be arrayed against the Avages 
paid to them to form another statistical series. But m some 
cases it is not possible to form such a series. If we have number 
of deaths in some places or acreage under different crops in some 
fields it is not possible to form a series as only one and not tvio 
are variable quantities. 

Continuous and Discrete Seriest-Series formed as explain¬ 
ed above can be continuous or discrete. In the former type the 
data are not capable of exact measurement or exact measurements 
are not available or the items pass f^m value to value with frac¬ 
tional difference, e, g, ages or heights of children. In the case of 
broken, discontinuous or discrete series the data is capable of 
exact measurement and between the values of the two succeeding 
items definite breaks or gaps are visible, as in the case of the 
number of workers in different establishments or number ef houses 
in a city, as these are incapable of subdivision to avoid breaks in 
the values of the two succeeding items. 

Tabulation 

From the foregoing pages it is seen that classification js 
the process of arranging variates in groups or classes according 
to their resemblances thus giving expression to the unity of 
attributes subsisting amongst a diversity of individuals. 
Tabulation is the next step and consists in arranging the data in 
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an orderly manner into*(horizontal) rows and (vertical) columns 
that can be conveniently read in both the directions. According to 
Prof. Bowley it is an intermediate process between the accummula- 
tion of data in whatever form they are obtained and the final 
reasoned account of the results shown by statistics. It is a 
summarization process and involves an orderly and systematic 
presentation of the numerical data by re-arranging it with a view 
to elucidating the problem in hand. 

Stages in Tabulation: —When schedules are submitted 
investigators they need classification, transcription, sorting and 
counting before they can be tabulated with a view to presenting the 
necessary information in a proper form. This process, therefore, 
can be split up m three stages. Schedules usually contain 
matter regarding various topics and therefrom each item giving 
the necessary information is to be extracted and then entered in 
slips or working sheets ruled specially lor the particular problem. 
For transcribing this information from the original record to the 
secondary forms cards and tally sheets are made use of, 
particularly the former when mechanical methods are to be used. 
The second stage is of summarizing working sheets and entering 
the results in forms used for actual study which serve as basis 
for further manipulation, if necessary. Lastly> the final tables 
are written out entering therein the necessary details discarding 
other figures which were noted for making further calculations 
such as ratio and percentages as they are no longer necessary for 
explaining the final results. 

Working Sheets: —In the first stage of tabulation working 
sheets or cards are written from schedules. In drafting the rul¬ 
ing for these sheets, particularly in the case of cards to be used 
for mechanical tabulation, great care and judgment is necessary. 
Sheets specially prepared should bear appropriate title and the 
columns thereon should have proper explanatory headings to 
avoid confusion. To guard against their loss or misplacing 
they should bear consecutive numbers. In the forms sufficient 
space should be kept for making additions as well as corrections 
which as a rule should as far as possible be minimised. To avoid 
confusion as well as mistakes too much matter should not be 
entered at once and there should be an arrangement for control 
columns as well as for check and cross-casts at each stage. 
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When the items to be counted are many the device of putting 
dots or ticks as shown below should be adopted to save time and 
space. 

Crossing Fives 


Successful 

candidates 

Number 

Total 

CLASS 1 


mj II 

1 

t 

CLASS 11 


mj nil rw III 

18 

CLASS in 


rHJ mj mj lui II 

22 

Total 


47 


As after puttting in four ticks the fifth one is used for cross¬ 
ing this method is also known as Four and Cross method. 

This can as well be done by putting dots as : *: : - : in 
place of ticks or strokes. In case the number of observations is 
large it is better to use tally sheets of crossing tens. 



Crossings Tens 


Successful 

candidates 

Number 

Total 

CLASS I 


12 

CLASS II 

X 

27 

CLASS m 

X X X X X ■■ 

60 

Total 


92 
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Spot diagram: —For compiling a frequency table observa¬ 
tions are counted by putting dots or spots as shown in the above 
table, A diagram thus prepared is sometimes called a Spot 
Diagram, 

Primary and Derivative Tables 

Statistical tables may be classified under two general 
headings. (1) The Primary, Informative or Classifying tables are 
those in which data is presented substantially in the same form 
in which it was collected. They are merely convenient means of 
compiling and preserving data in a form of easy reference. In 
such tables no effort is made to present comparisons or relation¬ 
ships. (2) The Derivative or Interpretative tables are not the 
original tables but they are prepared after being at least partly 
subjected to one or more processes of grouping, totalling, averag¬ 
ing, etc. 

Simple and Complex Tables 

Statistical tables can also be classified as simple and 
complex. 

(a) Simple and Single Tabulation: —In such tabulation 
information is given in respect of one or more independent ques¬ 
tions having no direct connection amongst themselves. Such a 
table is also known as a Table of the First Order. 

Financial position of Indian Ports in 1944-45 


(in lakhs of rupees) 


o 

1 

1 

Income 

Expenditure 

Capital Debt 

Calcutta 

703-1 

569-4 

2011.5 

Bombay 

474*6 

384.1 

158i;6 

Madras 

103*1 ' 

93-8 

129.9 

Karachi 

162*4 

118.2 

235.7 

Chittagong 

7*0 

1 

9.2 

53.4* 


’^This figure includes a loan Rs> 10*5 lakhs {rom the Government 
for port improvement. 
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(b) Complex Tabulation: —In this type several aspects of 
the subject matter under review or analysis of totals are shown 
and answers given have connection among themselves which is not 
the case in the case of a single tabulation. 


Population in 1941. {in thousands,) 


Province 

Male 

Female 

Total 

Bombay 

1 

10817 

10033 

I 

20850 

Madras 

24557 

24785 

49342 

Bengal 

31748 

1 

28559 

1 

60307 

Total 

67122 

63377 

130499 


In the above table the sub-division of the total population 
according to the two categories (e. g. population according to 
sex as well as provinces) has been given and answers are thus 
available to two mutually dependent questions. As the sub¬ 
division is into two distinct categories this tabulation is known 
as Double Tabulation or Table of the Second Order, In the 
following table the sub-division is based on three distinct categories 
of age, sex and locality and so this is known as Treble Tabulation 
or Table of the Third Order, 

Distribution of population by age, sex and locality. 


Age 

Urban 

Rural 

Total 


1 

1 Male 

(0 

s 

o 

U. 

*5 

o 

H 

, Male 

1 

1 

Ji 

E 

u. 

0 

' Male 

jj 

la 

e 

o 

U, 

Total 

Below 10 
10-25 
25-30 
50-75 
75- 










All ages. 















Distribution of population by locality, caste, and civil condition. 
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Grand total. 
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In the same manner it is possible, though with difficulty, to 
have tables formed to show more than three categories and then 
it is known as Manifold Tabulation. In the table given on 
page 57 four categories i. e. locality, caste, age and civil condition 
have been shown. No doubt, because of the inclusion of so many 
items, the table is not very handy as well as easy to follow. 

Arrangement of tabular facts:—Tabular facts may be 


arranged in the form of a Simple or a Frequency table to suit the 
requirements of the particular problem. 

(1) Simple Table:—A simple table may be prepared for 
recording information applicable to groups or series. In the 
case of groups, tables can be arranged mainly in three ways: (a) 
according to alphabetical order, (b) according to the order of mag¬ 
nitude and (c) according to their geographical distribution. 

Number of factory workers in British India in 1944. 

Class of factories 

Average daily number 

1 

Textiles 

1 

1 993,269 

Engineering 

265,392 

Minerals and Metals 

91,126 

Food, Drink and Tobacco 

132,384 

Chemicals and Dyes 

88,813 

Paper and Printing 

52,696 

Wood, Stone and Glass 

96,189 

Gins and Presses 

14,850 

Skins and Hides 

34,624 

Miscellaneous 

35,477 

Total I 

18,04,820 
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7‘he above is the usual form of a Table but it can be 
rearranged according to the alphabetical order or according to 
the order of magnitude. If arranged by the former method it 
will appear as under ;— 

Number of factory workers in British India in 1944. 


Class of factories 

Average daily number 

Chemicals and Dyes 

88,813 

Engineering 

265,392 

Food, Drink and Tobacco | 

132,384 

Gins and Presses ' 

14,850 

Minerals and Metals 

91,126 

Miscellaneous 

35,477 

Paper and Printing 

52,696 

Skins and Hides 

34,624 

Textiles 

993,269 

Wool, Stone and Glass 

96,189 

Total 

18,04,820 
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In case it is to be written according to the order of 
magnitude the number employed in textile factories being the 
highest will have to be placed first in the list and will be 
followed by Engineering, Food, Drink and Tobacco, Minerals 
and Metals, etc. 

The alphabetical arrangement is no doubt very useful for 
reference purposes but for interpretation and analysis it is of 
little use. The other method, though not suitable for reference 
purpose, is of great value in arresting the attention of the readers 
to the matter of importance. 

The geographical arrangement is made on the distribution 
of the variates on the territorial basis. This method is parti¬ 
cularly useful in some cases as the characteristics of variates in 
adjoining places are likely to be more similar and in making 
comparisons and drawing conclusions this factor is found to be 
of great value. Tables giving population according to provinces 
or exports or imports given according to countries are examples 
of this type. 

In the case of series it can be arranged only in the chrono¬ 
logical order as the main object of such a table is to show the 
developments over a period of time. Usually the items are 
arranged from the earliest to the latest times but some prefer 
the reverse order with a view to giveing more importance to the 
events in the present times. 

Frequency Tables:— We find by experience that all objects 
are not of the same type and they vary in si;^e, shape, etc. In 
statistical parlance a variate is a thing observed and its value 
is known as Variate value* Variates may be Simple or Com¬ 
pound or derived, the latter type being obtained by striking 
some sort of relation between two or more variables already 
recorded, e. g. ratios, percentages, etc. A Variable is anything 
that exhibits differences in magnitude or number and the 
values of which can be measured in appropriate units. The 
variables are of two types: Continuous and Discontinuous. A 
continuous variable is one which is capable of taking all possible 
values between a certain limit while a discontinuous or discrete 
variable is one which is incapable of taking all possible values 
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and thus there are gaps in the values of such variables. If heights 
or weights of different persons are taken there is a possibility of 
having all figures of heights and weights in certain limits, e. g. 
5 C 5 ", but if the number of persons employed in a 

factory is taken it can be only in integers and so naturally there 
will be gaps and so this variable is classed as discrete. 

When this variation is due to lapse of time, such as imports 
in various years, a time series is formed but when it is at the 
same time such as heights of different persons recorded at a 
particular time it is known as synchronous variation and this 
IS at the basis of frequency tabulation. A frequency table is 
framed by recording the frequency of occurence of items i. e., the 
number of times a particular value of a variable occurs in a set 
of observations. As a matter of convenience all the observa¬ 
tions are distributed in different classes, groups or grades and 
the manner in which it is done is known as Frequency Distribu¬ 
tion of Variahles. 


Marks of 100 students 


Marks 

Frequency 

Cumulative frequency 

_ 

of i 

1 _of___ 

0-10 i 

i 

1 

4 

4 

10-20 

7 

11 

1 

20-30 ] 

1 10 

21 

i 

30-40 

15 i 

36 

40-50 

i 

8 I 

44 

50-60 

24 ^ 

1 

68 

60-70 

13 ; 

81 

70-80 

12 

93 

80-90 

5 

98 

90-100 

2 

100 

Total 

1 100 
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This table has beeen compiled from the mark sheets showing 
marks of 100 candidates arranged according to their roll numbers. 

7 20 95 31 51 63 52 32 81 28 80 53 62 40 63 45 73 

10 61 9 62 50 70 27 71 47 64 34 65 22 72 57 74 58 

22 33 52 23 5 33 61 53 37 66 42 54 57 12 55 26 58 

74 48 60 35 79 52 34 3 14 25 56 37 76 36 38 75 59 

24 68 13 78 35 54 72 58 55 16 67 57 56 83 44 54 46 
56 91 43 29 69 55 36 87 53 38 77 17 82 18 39. 

From the foregoing table it will be seen that all the hundred 
observations have been divided into 10 groups called classes and 
the distance between the limits of two classes is known as class 
interval which in this case is 10. 

Class interval: —As far as possible when making groups 
or classes the class-intervals taken should be equal. If otherwise, 
it is likely that many readers may assume them to be equal 
without scanning them carefully and thus forming an erroneous 
impression. It is not easy in statistical operations to deal with 
classes of unequal sizes and, again very often, there is a 
possibility of making unequal classes for some ulterior motive. 
In addition, in determining a class interval it is necessary to see 
that the number chosen should not be too small or too large. In 
the case of the former there will be several classes, some of them 
having a zero frequency and the advantage of summarization 
will be lost. In the case of the latter there will be very few 
classes. The size of the class-interval should be such as would 
show the characteristic features of the distribution. As a 
general rule, it is better to ascertain the range between the values 
of the lowest and highest variaties in rank and to divide it by 12. 
This will give an approximate figure to fix the class interval. It 
should, however, be a round figure and usually figures like 
1, 3, 5, 7, 10, 15, etc. are preferred, Ordinarily the number of 
classes made should not be less than 10 to 12 and not more than 

25 to 30. In short, the underlying idea as stated by G. U. Yule 
is that we should be able to treat all the values assigned to any 
class without serious error as if they were equal to the mid-value 
of the class interval. 
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Class limits:—The class limits can be shown in one of 
the following ways ;— 


(a) 

(b) 

1 (0 

id) 

0-10 

1 

0-9.9 

0 and under 10 

5 

10-20 

10-19.9 

10 and under 20 

! 

15 

20-30 

20-29.9 

20 and under 30 

25 


In the first method there is the overlapping of figures. 10 
occurs in the first well as in the second group and 20 is in the 
second as well as in the third. This leads to ambiguity though the 
practice is to take figures upto 10 in the first group and 10 and 
upwards but upto 20 in the second. This difficulty does not arise 
m the second method and, in addition, it affords an advantage of 
exhibiting the degree of accuracy adopted in classification. In the 
third method the meaning is better expressed but the actual class 
limits are not very clearly understood. Though the second 
method is better in practice the first is often used. It is not 
uncommon to find tables with mid-points only as shown in the 
last column of the table given above. 

Cumulative Frequency Tables; —Frequency tables are of 
two types Simple and Cumulative. In a Simple Frequency 
Table groups of observations are divided into smaller and more 
homogeneous classes and the numbers of items to be found in 
each class are given. In a Cumulative Frequency Table class 
frequencies, instead of being shown separately, are totalled so as to 
show the total frequency at different stages of the table and so 
the frequency of each successive class goes on increasing as it 
includes the frequencies of all the previous classes. Such tables 
are very useful for making comparisons and for graphical work. 
In the foregoing table giving marks of 100 students in the last 
column the cumulative frequency has been given but in such 
a table the way of writing the classes is different as will be seen 
from the following table :— 
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Marks of 100 students 


Marks 

Number 

Under 10 

4 

„ 20 

11 

„ 30 

21 

40 

36 

50 

44 

„ 60 

68 

,, 70 

81 

U 80 

93 

,, 90 

98 

„ 100 

100 


In the above table the classes made are of under i.e. less than 
10 marks, less than 20 marks, etc. and therefore such a table is 
sometimes known as ‘Less than Table.’* A ^More than Table'* can 
be prepared from the same data and will be as under :— 

Marks of 100 students 



Marks 

Number 

Above 

100 

0 


90 

2 

»• 

80 

7 


70 

19 

», 

60 

32 

If 

50 

56 


40 

64 

fi 

30 

79 

>» 

20 

89 

If 

10 

96 

»» 

0 

100 
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Advantages of frequency tables:— Frequency tables are 

useful in various ways. They help in minimising the errors 
arising out of biassed observations. As the figures will be grouped 
the errors are likely to be compensated against each other. 
Due to grouping the number of items for calculations are consider¬ 
ably reduced. Comparisons can be easily made and there is a 
great possibility of some tendencies ordinarily invisible bemg 
revealed. Above all, extensive information is made available in 
comparatively limited space which means saving of time as well 
as energy without much loss of efficiency. 

Rules for Tabulation: —The utility of tabulation depends 
upon the manner in which it has been designed. Though it is 
difficult to lay down comprehensive rules the following will be of 
great use in constructing good statistical tables:— 

1. Every table should bear a suitable, self-explanatory, 
comprehensive and yet, brief heading. When the lengthy title is 
unavoidable it should be split up into phrases and written in 
separate lines. For each column there should be a heading, called 
caption and for sub-columns sub^captions and they should be 
written as far as possible horizontally. There should as well be 
titles, known as stubs, at the left of each row. 

Z The columnar layout of a table should be carefully 
thought out and it should not be too complicated or confusing. 
If possible different types of lines thin, thick, double etc. should 
be drawn for distinction and easy reading of the table. 

3. The size of a table should be kept as far as possible 
handy as an unduly long table is difficult to follow carefully and by 
folding it will soon be spoiled and cut into small pieces. In case 
it is difficult to shorten the size of the table it should, if possible, 
be split into convenient parts. 

4. Economy of space should wherever possible be done. 
Unimportant matter should be dropped and large numbers should 
be curtailed by dropping some digits but this should be shown in 
the heading, as *000 omitted.’ 

5. Wherever necessary explanatory foot-notes, sources and 
references should be given to avoid ambiguity. 

7 
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6. A rough table should always be drafted before one is 
ruled and figures entered therein. This will give an idea of the 
necessary space and avoid errors and omissions at a stage when 
it is not easy to rectify them. 

7. The arrangement of the table should be logical and items 
related to each other should be placed near about and if possible 
in groups. Derivative figures such as total, averages, and 
percentages should be placed near their originals. Columns and 
rows should be numbered for identification as for giving reference 
it is easier to quote numbers rather than the title of the column. 

8. To minimise errors provision for checks and counter 
checks should be made in the tables. Errors and scratching 
should be avoided and if at all it is very necessary it should be 
very carefully and legibly done. 

9. It should be noted that the cost of tabulation and 
labour involved should not be very heavy and in no case dispro¬ 
portionate to the value of the results. 

In short, in the work of tabulation the essential requisites 
of a good statistical table, i. e. comprehensiveness, ease of 
comparability, referencing, compactness and cost vshould be the 
guiding factors. 

Method of giving emphasis: —Sometimes it is found 
necessary to lay emphasis on some columns or on some figures 
of the group. This can be achieved in one or more of the 
following ways;— 

( a) By specially marking such items by underlining or by 
drawing a circle, round the entry. 

( b ) By using different types of letters if in print, e. g. Italic 
or heavy type, or by writing the matter in different colours. 

( c ) By entering fiist the matter to be emphasised. If 
magnitude is to be emphasised the table will be arrayed in the 
order of magnitude. 

( d) If the space is sufficient it can be done by leaving more 
space between the groups to be emphasised. 

( e ) By using distinctive lines such as single and double or 
light and heavy between different sets of figures. This will give 
prominence to the desired matter. 
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In addition to this, percentages, ratios, averages and 
estimated figures as well as negative questions can be shown in 
red ink in hand-written tables and m Italic types in printed tables 
to lay emphasis on them. 

Mechanical Aids in Tabulationr-Statisticalw^ork is every 
day attaining greater importance and so for classification and 
tabulation mechanical aids are being used more and more day by 
day. They are particularly useful for punching, sorting, 
counting and calculation work. The work done is very accurate 
and the speed with which the various operations are carried out 
IS surprising. Cards can be sorted at the rate of 60,000 per hour 
for which several hours will be necessary if done otherwise. Due 
to this high speed in times of emergency statistiail work can be 
completed in a very short period. Taking all these points into 
account the cost is not comparatively very high. 

For using mechanical aids Flinch Cards are required to be 
Specially prepared. In these' cards Fields or columns are made 
for recording each item. After punching holes in the fields 
according to the data the cards are mechanically sorted and 
counted to have the necessary data for tabulation. 


SCHEDULE 

NUMBER 

BLOCK 

NUMBER 

RENT 

PAID 

NO OF 
PERSONS 

MALES 

CO 

< 

ua 

0 

□ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Q 


1 

1 

1 

• 

1 

1 

• 

1 

1 

• 

1 

1 

1 

□ 


2 

2 

B 

2 

2 

• 

2 

2 


H 

B 

□ 


3 

3 

H 

• 

3 

3 

3 

3 


B 

B 

a 

4 

4 

4 

B 

4 

4 

4 

4 

4 


B 

B 

5 

• 

6 

5 

6 

6 

6 

5 

• 

5 

s 

□ 

6 

6 

6 

6 

6 

y 


6 

1 

6 

6 

6 

6 

6 

6 

7 

7 

• 

D 

u 

B 


7 

7 

D 

7 

n 

H 

G 

e 

8 

H 

B 

B 


8 

8 

B 

8 

B 

□ 

G 

9 

9 


B 

B 


9 

9 

B 

9 

B 

jJ 


Fig.—A portion of a punch card 
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On this portion of the punch card the following informa¬ 
tion has been recorded by means of punching. 


Schedule number 

257 

Block number 

163 

Rent paid 

125 

Number of persons 

13 

Males 

5 

Females 

8 


Exercises 

1. Explain the purpose of classification and tabulation of 

statistical data. (I938~0ct.) 

2. Describe the important bases of classification in the case 
of statistical data. 

3. Distinguish between the terms ‘series’ and ‘groups’. 

4. Give the different types of statistical tables and give an 

example of a treble tabulation. 

5. Rule a blank table to show the distribution of popula¬ 
tion in India according to sex and literacy. 

6. Differentiate between 

(a) Continuous and discrete variables, 

(b) Ordinary and cumulative frequencies, and 

(c) More than and Less than tables. 

7. Describe what considerations are to guide you in fixing 

the range, the class-intervel and ends of class-intervals 
for a frequency distribution. (I938~0ct.) 

8. What is a statistical table? Mention the points about 
which you should be particular at the time of construct¬ 
ing a statistical table. 

9. In what way emphasis can be given to certain items in 
tabulation and checks can be imposed to verify accuracy 
in tabulation? 
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10. What mechanical aids can be used in tabulation? Describe 
the use of punch cards in tabulation. 

11. Write short notes on :— 

Working sheets classification by dichotomy, discrete 
series, stubs and crossing tens, 

12. The following are the rents in rupees of 60 houses and 
you are asked to tabulate the same by grouping them 
by intervals of 5 rupees. 


38, 

42, 

49. 

37, 

82, 

74. 

75, 

62, 

54, 

79 

84. 

57, 

36, 

41. 

47, 

44, 

63, 

69, 

45, 

84 

47, 

39, 

48, 

54, 

61, 

71, 

72, 

83, 

80, 

51 

31, 

38, 

43, 

57, 

67, 

77, 

74, 

64, 

84, 

81 

79, 

31. 

39, 

47, 

53, 

64, 

73, 

81, 

39, 

43 

41, 

42, 

54, 

59, 

69, 

75, 

39, 

85, 

71, 

63 


13. Wages of 70 workers in rupees are given below. 
Tabulate by taking 10 as the class interval. 


30, 

45, 

55, 

65, 

60, 

90, 

115, 

85, 

95, 

110 

95, 

65, 

75, 

85. 

125, 

110, 

87, 

65, 

100, 

115 

65, 

60, 

75, 

95, 

130, 

95, 

125, 

115, 

65, 

70 

95, 

85, 

65, 

60, 

80, 

85, 

75, 

95, 

55, 

45 

35, 

45, 

40, 

85, 

135, 

145, 

95, 

65. 

45. 

25 

115, 

90, 

80, 

125, 

130, 

25, 

90, 

•100, 

95. 

85 

85, 

120, 

115, 

40, 

35, 

35, 

125, 

105, 

75, 

45 


From the above data prepare a cumulative frequency table. 

14. The following are the marks of candidates who had 
appeared at the Efficiency examination. You are 
asked to tabulate them by taking a class interval of 10. 


72,19, 21, 32,75, 68, 40. 52, 84,18, 37,12, 11, 27, 43, 
18, 24,11, 27. 39,52,93, 11, 7, 41.19, 12, 23, 64, 52. 
93. 99, 79, 84, 12,11, 17,19, 21, 29, 43, 33, 23, 94, 82, 
27, 32, 12. 34, 54,64, 74, 24.12, 18, 39,49,77, 27,17, 
34, 84, 37, 77, 67, 57, 47, 37,36, 35,97, 34, 54,91, 90, 
70, 80, 60, 50, 40. 



CHAPTER V/ 


AVERAGES 


The term ‘averagt* in the ordinary parlance is used to 
signify the type usually found but in Statistics the ‘ type ’ which 
is common is known as ‘Mode’. It is also used to denote the 
Arithmetic Average or Mean. If the heights of five persons are 
62, 65, 64, 67 and 62 inches the average is ascertained by 
totalling heights of all the persons and dividing the sum by tlie 

, , 62 + 65 + 64 + 67 + 62 320 ^ 

number of persons; e. g. ^ - ^“"5 ~-64 inches. 

Thirdly, it is also used as a generic term including the different 
kinds of averages e. g. Mean, Mode, etc. In statistics it means 
‘a simple expression showing the net result of a series or group' 
and is thus a term which will give a fairly adequate idea of the 
group. For example, if we are engaged in studying the earnings 
of persons engaged in two establishments one having 3000 persons 
and the other 2000 it is difficult to have even an idea of the whole 
data by looking at the tw o lists giving the earnings of the various 
persons of the two establishments and the question of comparing 
them will be still more complicated. This difficult task is 
simplified by ascertaining for each series a significant single 
expression representing the whole series and thus conveying a 
fairly adequate idea of the whole group. The summarizing 
expression of this nature is known as an ^Average.' The following 
are the forms of averages that are commonly used:— 

( 1 ) The Arithmetic Average also called the Arithmetic 
Mean, the Mean, the Common Average or simply 
Average. 

( 2 ) The Median. 

( 3 ) The Mode. 

( 4 ) The Geometric Mean. 

(5) The Harmonic Mean. 

Of these the first three are in general use wffiile the last two 
are used only in special cases. 
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The Arithmetic Average 

The Mean or the Arthmetic Average is the sum Of values of 
the items taken and divided by the total number. Of all the types 
of averages this is commonly used and is hence called 'Common 
Average’ or even simply ‘Average’. Efforts have been made by 
writers like Dr. Bertillon and Dr. Venn to distinguish between 
‘Average’ and ‘Mean’ .but so far no general agreement has been 
reached as regards the exact terminology. Dr. Bowley has 
suggested that the distinction should be made by taking ‘average’ 
as a purely arithmetic concept such aythe average length of life 
m a varied population which does not correspond to any particular 
group but IS the arithmetic expression of the result; while the 
word ‘Mean’ should be used to denote some objective quantity 
such as the mean height of Englishmen about which all height 
measurements are grouped in a definite manner. The Arithmetic 
mean or average of the earnings of A in the last eight months 
which were Rs. 62, 72, 84, 93, 54, 64, 59, 64, is 69. In short, it is 
the quotient of the sum of all the items of the group divided by 
their number. 

Computation of the Mean :—The computation of the mean is 
very simple. All that is to be done is to divide the sum of all the 
values of the items by their total number. This can be further 
simplified by using the short-cut method which consists in taking 
an arbitrary number and then tabulating the deviations of the 
actual numbers from such arbitrary numbei.' The average of 
such deviations can be ascertained by dividing their total by the 
number of items and by adding it to the assumed number. 
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Computation of Mean by the Short Cut Method 


Earnings 

Rs. 

Arbitrary Average 
Rs. 

Deviations from 
the arbitrary 
average 

2784 

2800 

-16 

2800 

2800 

0 

2804 

2800 

4 

2799 

2800 

-1 

2794 

2800 

-6 

2802 

2800 

2 

2787 

2800 

-13 

2814 

2800 

14 

1 

Total j 

1 

1 

-16 

Average deviations = — ^ — 2 

The mean is Rs. 2800 + (—2) == Rs. 2798. 

If the arithmetic mean is to be computed from the frequency 
distribution table the sum of the items multiplied by the respective 
frequencies is to be divided by the total number of frequencies. 

Computation of arithmetic mean 

Heights in inches 

i 

Number of persons 

Product 

63 

64 

65 

66 

67 

68 

12 

14 

20 

13 

8 

3 j 

756 

896 

1,300 

858 

536 

204 

Total 1 

i 

1 4,550 
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Arithmetic Mean = —= 65 inches. 

The Formula Method :—To minimise calculations in the 
case of a frequency distribution table it is convenient to use the 
following formula, 

5^ f j 

Mean = Arbitrary Mean -f —— X i 

n 

where Sfd = the sum of the frequencies multiplied by their 
respective deviations from the arbitrary mean, 
n == the total number of frequencies (f)* 
i == the class-interval. 

In the case of classes it is difficult to know the exact values 
of the different variables in the same class and so as a matter 
of convenience mid-points of classes are taken as values of 
frequencies falling in that class. Again to further simplify the 

calculation work the deviations are taken by classes and not by 

units. The adjustment is made later on in the formula by 
multiplying it by the class-interval as shown in the above 
formula. This adjustment is known as 'Correction Factor/ It must 
be carefully noted that if there is no frequency for any class in the 
middle of the series while writing the deviations by classes the 
value of the deviations for a such a class must be assigned. For 
instance, if in the following example there would be no student 
who has obtained marks between 40 and 45 and because of that, 
if this class is not written the deviation for the previous class, u e, 
35-40 should be-3 and not-2. The easy way is to write all the 

groups and to write zero against it in the frequency column to 

avoid possible error. 


8 
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Computfttiioii of Mean of marks of 100 students of Sec. 1. 


Marks 

obtained 

1 

Mid-Point 

1 

1 No. of ' 
1 students 
f 

Deviations 

d 

fd 

30-35 

32.5 

8 

"4 

-32 

SC-40 

37.5 

5 

-3 

“15 

40-45 

42.5 

2 

-2 

"4 

45-50 

47.5 

19 

"1 

“19 

50-55 

52.5 

8 

0 

1 

0 

55-60 

57.5 

20 

1 

1 1 

20 

60-65 

62.5 

9 

2 

18 

65-70 

67.5 


3 

15 

70-75 

72.5 

23 

4 

92 

75-80 

1 77.5 

t 

1 

5 

, 5 

i 

Total 

1 ! 

1 

100 I 

1 

80 


In the above example 52,5 has been taken as the arbitrary 
mean and the deviations taken for classes are-1, ~2, --3 and so 
on and not the actual deviation by units which would have been 
-5,“10, "15 and so on. By using the formula, we get, 

80 

Mean = 52.5 +""|qq ^ ^ 

= 52.5 + 4 
= 56.5 

It should be noted that the algebraic sum of the deviations of 
a series of magnitudes from their arithmetic mean is zero and 
that the arithmetic mean of two or more series can be computed 
from the following formula: 
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Mean of the combined series 25 

M 2 are the arithmetic means of the series and m and m the 
number of frequencies. 

Cemputation of the Mean, of the marks of 90 
students Sec. II 


Marks 

obtained 

Mid'*points 

No. of 
students 

Deviations 

1 

fd 

30-35 

32.5 

10 

—4 

-40 

35-40 

37.5 

8 

“3 

-24 

40-45 

42.5 

18 

-2 

-36 

45-50 

47.5 

3 

-1 

-3 

50-55 

52.5 

4 

! 

0 

0 

55-^0 

57.5 

19 

i 

19 

60-65 

62.5 

18 

2 

36 

65-70 

67.5 

3 

3 

9 

70-75 

72.5 

1 

5 

4 

20 

75-80 

77.5 

* 2 

1 5 

10 

Total 

1 

1 

90 


-9 


Mean = 52.5 +-^ X 5 

= 52.5 —.5 
= 52.0 


The mean of the two combined series giving marks of 
students of section I arxf II can be ascertained as under by the 
formula given already. 
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\ 

Mean 


L5i-5 X 10 0) + (52 X 90) _5650 +4680 
^ 100 + 90 190 


_10330_, 


190 


54.37 


This result can be tesw4 by computing the mean of the new 
series formed by dOmbining the frequencies of the two existing 
series as diown below. 

Computation of the Mean of marks of 190 students from 
sections I and II. 


Marks 

obtained 

Mid-point 

1 

1 No. of 1 
1 students 

j Deviations 

fd 

30-35 

32.5 

18 

1 

-90 

35-40 

37.5 

13 

-4 

~52 

40-45 

42.5 ! 

20 

“3 

-60 

45-50 

47.5 

22 

-2 

~44 

50-55 

52.5 

12 

-1 

-12 

55-60 

57.5 

1 

39 

0 1 

0 

60-65 

62.5 

27 

1 

27 

65-70 

67.5 

1 

8 

2 

16 

70-75 

1 

72.5 

28 

3 

84 

75-80 

1 77.5 1 

3 

4 

12 

Total 

1 

1 

190 


-119 


= 57.54-- 


-n9 

190 


X5 


= 57.5-3.13 
= 54.37 


Mean 
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groupiagupcm the arithmetic imai&c-Wheii the 
arithmetic mean is calculated each frequency is multiplied by the 
mid-point of its respective group and this is done under the 
assumption that the items in that group are equally distributed 
which is not invariably the case. It is because of this that the 
mean thus computed cannot be very accurate and again it is 
very likely that different class intervals will give different 
arithmetic means as the computation of the mean depends upon 
the method of grouping. 

Computation of the mean of the marks of 190 students from 
section I and II by taking 10 as the class interval. 


Marks 

obtained 

Mid-point 

No. of 
students 

Deviations 

d 

fd 

30-40 

1 

i 35 

1 

31 

1 ! 

-2 

-62 

40-50 

1 

j 42 

-1 

-42 

50-60 

55 

' 

0 

0 

60-70 

1 65 

35 i 

1 

35 

70-80 

75 

31 

1 

2 

1 

62 

Total 

1 1 
1 

1 

190 1 

1 

-7 


Mean =55 + 79 ^ ^^0 

=55 — 0-368 
= 54-63 

The arithmetic mean obtained by taking 10 as class interval 
is 54.63 while in the previous case it is 54,37. This difference in 
the result is due to taking different class intervals. In the previous 
example it is 5 while in this it is 10. 

Unequal class intervals: —Sometimes arithmetic mean 
is required to be calculated from frequency tables with unequal 
class-intervals. In such a case the short-cut method of taking the 
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deviations by classes cannot be used and they will have to be 
taken by units as illustrated in the following example. 





Deviations | 


Salary 

Mid-point 

Frequency 

from the Arb¬ 
itrary means 

fd 



f 1 

d 


40-50 

45 

30 

40 

-1200 

50-70 

60 

16 

—25 

-400 

70-100 

85 

19 

0 

0 

100-110 

105 

20 

20 

400 

110-120 

115 

10 

30 

300 

120-140 

130 

5 

45 

225 

Total I 

100 


-675 


Mean=85 + —78.25 

The question of mafiajjal class interval becomes more per¬ 
plexing in the case ljSn4;Jie tbilowmg:— 


/Salary 
Below 50 ^ 

50- 70 
70-100 
100-110 
110-120 
120 and over/ 


Frequency 

30 

16 

19 

20 
10 

5 


In thiV<jaseJh^ifii<^ is regarding the mid-points of the 
first and last groups having a very wide range. Approximate limits 
can be placed based on the available information. Once this is 
done the mean can be computed by the method adopted in the 
previous case. 


Quadratic Mean: —It is the mean obtained by extracting 
the square-root of the arithmetic mean of the squares of the items 
contained in the series. Thus the Quadratic mean of 6, 7 and 8 


will be 


/ 62 +72 -f 82 

v~ 3 


= 7 05. It is also called Root-mean 


aqtutre. 
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Composite Averages: —Composite Average is computed 
by adding the simple averages and dividing the sum by the number 
of simple averages taken. 


Monthly sales of the Modern House Ltd. for 1938. 



Rs. 


Rs. 


Rs. 

Jan. 

14320 

May. 

16360 

Sept. 

23990 

Feb. 

13908 

June. 

17470 

Oct. 

26580 

March 

18400 

July. 

24300 

Nov. 

19280 

April 

19760 

August. 

22680 

Dec. 

20312 


Total for the year Rs. 237360 


Monthly Average = —— =Rs. 19780. 

The monthly average for the year 1938 is Rs. 19780 and 
when such simple averages for few years are collected the compo¬ 
site average is computed as under:— 


Monthly average sales for six years. 


Year 

1938 

1939 

1940 

1941 

1942 

1943 


Monthly average of Sales 
Rs. 19780 
20470 
21308 
19408 
20200 
22740 


Total Rs. 123906 


Composite average = 123906 •^6=Rs. 20651 

The Weighted Arithmetic Average:— So far each item 
has been counted once only and hence the average obtained is a 
Simple Average. Some items command greater importance and 
so in the computation of the arithmetic average they are 
assigned weights, i. e. they are counted more than once and the 
average so computed is known as Weighted Arithmetic Average^ 
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‘Kia weightage applied may vary in different cases according to 
the relative importance. This distinction will be clearly seen from 
the following example:— 

Salaries of teachers in towns A and B 




Town A 


Town B 

Schools 

— 

- — - 



— _ 


1 

(I) 

No. of 
tea* 
chers. 
(2) 

! 

Rate of 
Salary 
Rs. 

(3) 

Product 

(2)x(3) 

Rs. 

(4) 

No. of 
tea¬ 
chers. 
(5) 

Rate of 
Salary. 
Rs. 

(6) i 

Product 

(5)x(6) 

R*. 

(7) 

Municipal School 

IS 

35 

525 

35 

50 

1750 

Government 

1 

1 






School 

25 

45 

1125 

35 

58 

2030 

Aided School 

20 

33 

660 

10 

21 

210 

Non-aided School 

17 

32 

544 

12 

22 

264 

Night School 

12 

30 ' 

1 

360 

9 

24 

216 

Total 

89 

175 

3214 

101 

1 

175 

4470 

! 


In both the towns there are five types of schools and the 
simple and weighted arithmetic averages of salaries in towns A 
and B when computed will be as under.— 

Town A Town B 

175 175 

Simple Arithmetic Average= ^ =Rs. 35 ^ -=Rs. 35 

3214 4470 

Weighted Aritmetic Average=-^=Rs. 36*1 —p=»Rs. 44.2 

It will be clear from the above that though the simple average 
is the same in both the towns the weighted Arithmetic average 
is different. This type of average is often used when comparisons 
are to be made regarding the marriage, birth and death rates of 
different places or of different times* 
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Birth and Death Rates:— Birth and death rates are expre¬ 
ssed as per thousand of the mid-year population of the place and 
are usually given upto one place of decimals. But these are the 
General or Crude Rates and for making accurate comparisons 
with figures of different places a method of correction or standard 
must be applied. This is particularly necessary in the case of 
death rates as the average mortality at different ages has a great 
influence on the crude rates and so this problem can be better 
solved by arriving at corrected rates by the application of weights. 

Corrected or Standardised Death Rates: —When the 
death rates at different places are to be compared the crude or general 
death-rates fail to give a correct picture of the situation as the 
influence of the average mortality at different ages is not given 
proper weightage. This defect is removed by ascertai^n ing a 
corrected or standardised death-rate as this is done under the 
assumption that the distribution of population in different age- 
groups in any place is not abnormal but is the same as that of the 
other town with which its death-rate is being compared. If the 
death rates of the two towns, A and B, are to be compared the 
death-rate of one town will be corrected to make an effective 
comparison. When we want to have the corrected Death Rate 
of town A for comparison with that of the town B we shall multiply 
the death rate of each age-group of the town A by the corres¬ 
ponding number of people in town B, in the same group. The total 
will then be divided by the total population of the town B, thus 
obtaining the corrected death rate of the town A as compared to 
the death rate of the town B as will be seen from the following 
illustration:— 



Town A 


Town B 


Age group 

Population 1 Deaths 

! 

Death- 

rate 

Popula¬ 

tion 

Deaths 

Death 

rate 

Under 5 

25,000 

550 

.22 

10,000 

220 

22 

5-15 

40,000 

280 

7 

15,000 

105 

7 

15-35 

60,000 

720 

12 

20.000 

240 

12 

Over 35 

15,000 

525 

35 

15,000 

5i5 

35 

Total 

* 1,40,000 

2075 

14.8 

60,000 

1090 

18.1 


9 
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General or Crude Death Rates (weighted average) 

Y A=: ( 3500 0 X 22)"I-(40,QQQ X 7)4-(6000Q X 12)+(150Q0 X 35) 
lownA " - 25000+ 4000U +60000 4-15000 


_2075000 

14000 


=14-8 


Town B— 


(10QQQX22)4-(1 5Q0Q X7)+(20000 X12)+(150000 X 
10000+15000"'+20000+15000 


35) 


_0]90000_ 

60000 


From the study of the general death rates it is seen that the 
town A is better, but when the corrected death rate of the town A 
as compared to that of B is ascertained it is seen that this is not 
the case. 

Corrected Death Rate of town A as compared to that of B 

_(22 X10000) + (7 X 15000)+(12 x_2p00^)+(35 x 15000) 

60000 


_ 109 0000 ^ 
"60000 


From this it will be seen that both the towns are equally 
healthy. 

This result can be verified by finding the corrected death 
rate of town B as compared to that of A. 


Corrected Death Rate of town B as compared to that of A 

„(22X25000)-f ( 7 x 49000 )+( 12 X 60000 )+( 35 X 13000) 

1,40,000 


2075000 

140000 


= 14 * 8 . 


From this it will be seen that for making proper comparisons 
we shouldT not take the general death rate but the corrected one. 


The Descriptive Average;-It is a type of an average which 
is not quite reliable but is compiled more to serve as a guide 
because the data available are either inexact or incomplete. 
Supposing the weights of 200 persons are given as 10 having 
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weights between 120 and 130 lbs,, 25 between 130 and 140 lbs* 30 
between 140 and 150 lbs., it becomes necessary to assume that their 
weights in the particular group are equal which is rarely the case* 
By taking the average weight of 10 persons as 125 we may calcu¬ 
late the combined weight of the group as 1250 lbs* which is not 
likely to be absolutely correct. Such an average is known as 
‘Descriptive Average* and though not quite reliable can be used 
with advantage in cases of equally indefinite nature. 

Advantages and Disadvantages: —Of all the types of 
averages the arithmetic mean is more commonly used and is even 
known as ‘Common Average’ or simply ‘Average.’ It is more 
known to an average man as compared to the median or the mode 
and is also rigidly defined. It is very easy to compute and, unlike 
the median or the mode, not only takes all the items into account 
but gives proper importance to the items on the extremes. It can 
be used for further mathematical calculations. If, for instance,, 
the average income of each person as well as the total number of 
persons is known, the total income can be easily ascertained. 
This is not possible in the case of other form of averages such as 
the median or the mode. 

The disadvantages of the arithmetic mean are that it does 
not usually correspond to any observation in the series and as 
such It is called a fictitious average. If the daily average of 
the number of persons employed in a mill is calculated it often 
includes some decimal figure but how can there can be fraction of a 
man at wmrk? Again if the correct value of even a single item in 
the series is not available it is not possible to compute the mean. 
It gives sometimes too much importance to stray items on the 
extremes. In the wages bill of an establishment because of the 
high salary of the head the value of the mean will go up, thus 
giving undue importance to the salary of one individual. If the 
samples are not properly selected the mean computed therefrom is 
sure to fail to give a true picture of the series. It can neither be 
located on a frequency graph, as is done in the case of the median 
or the mode, nor obtained by mere inspection. If the actual facts 
are not known in detail the mere knowledge of the arithmetic mean 
is likely to be -deceptive and in some cases dangerous as will 
happen to the person who would try to cross the river knowing 
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the average depth of water to be three feet and failing to realise, 
that at one place the depth is seven feet 1 

The Median 

When the observations are arrayed i. e. arranged in order 
of their size the median is the value of that item which has equal 
number of observations on either side. If we are required to 
ascertain the median of the weights of eleven persons all the 
items will have to be first arrayed in order of their values as 
under;— 

132. 137, 139, 143, 145, 147, 152. 160, 163, 167, 175 

As there are eleven items the median number will be the 
sixth as in that case there are five items above and five below it. 
The value of the sixth item is 147 and so the median weight 
obtained is 147 lbs. It is visible from this that the median has 
two equal divisions, one has all values greater while the other has 
all values smaller than the median. In this case the number 
is odd and so it is easy to make two equal divisions but in the case 
of an even number of items the median is intermediate between 
the sizes of the two middle items. In such a case the average 
value of these two items is taken as the value of the median. 

Computation of the Median: —In case all the recorded 
observations are given they can be arranged in ascending or 
descending order and the value of the middle item ascertained is 
then the median. But as we are usually supplied with the 
items in the form of a frequency table the median is computed 
by using one of the following methods:— 

( i ) The Formula Method. 

(ii) The Graphic Method. 

The Formula Method: —In the case of the data given in a 
frequency distribution table the median cannot be ascertained by 
arraying the items as can be done in the case of the original 
data. It can, however, be computed with reasonable accuracy by 
interpolation and for this the formula to be used is as under:— 
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Median 

yn 1 * V 

Where 1 

= the lower limit of the class in which 
the median item is situated. 

n 

== the total number of items. 

cf 

= the cumulative frequency of the group 
lower to the one of the median number. 

fr 

= the frequency of the class of the median 
number. 


The median item or the median number can be ascertained 
by using the formula • 

Computation of Median 


Wages 


No. of workers 

' Cumulative 


or frequency 

frequency 

I 

Rs. 25 and under 

Rs. 30 

10 

10 

30 - 

35 

1 

15 

25 

35 ~ - 

40 

1 

19 

44 

40 - 

1 

45 

26 

70 

45 - 

50 

18 

88- 

50 - 

55, 

29 

117 

55 - 

60 

24 

141 

60 - 

65 

4 

145 

65 - 

70 

8 

153 

70 - 

75 

7 

160 
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The median number e. 80’5 and it is situated in 

the .class 45-50. By using the given formula, the median will be 
computed as under :— 

Median = 1 + 

= 45 + 

= 45 + 

= 47.9 

The Graphic Method: —After constructing a cumulative 
frequency curve a horizontal line paralled to the base should be 
drawn from the mid-point of the ordinate representing the total 
frequency of the series. From the point where this line cuts 
the cumulative frequency curve a perpendicular to the 
base should be drawn. The median is the distance between 
the origin and the foot of the perpendicular. The other method 
is of drawing two cumulative frequency curves one based 
on ‘More than, basis and the other on ‘Less than* basis and 
from the point of their intersection a perpendicular should be 
drawn to the base line. The median then will be obtained by 
taking the reading from the foot of this perpendicular as in the 
previous case, (vide Fig. 3 in the chapter on Graphs). 

The median can also be ascertained by drawing a simple 
frequency curve. In this case a perpendicular is required to be 
drawn to the base bisecting the total area covered by the frequ¬ 
ency curve and the reading on the base line at the foot of the 
perpendicular is the Median. This method, however, is difficult 
and hence is not generally used. 

It can also be located by Galton’s method by marking 
observations on a piece of graph paper by dots as explained in the 
chapter by Graphs (Fig. 9). This method, however, is not quite 
satisfactory. 

Advantages and disadvantagesi-The advantages claimed 
for the median as a type of average are many. Besides being 
very easy to calculate it is neither affected by the items on the 


( n 4- 1 X 


X i 


80-5 - 70 


18 


X 5 


2-91 
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extremes nor is it necessary to have details about them for com¬ 
puting it. It is difficult to calculate the arithmetic mean if the 
class intervals are unequal but the median can be easily computed 
in case of such data. In the case of a qualitative data the 
median can be ascertained by arranging the variables according to 
the quality which is not possible in the case of other forms of 
averages. From the point of view of intelligence the median 
student can be ascertained by arraying the group of students based 
on their quality of intelligence but this cannot be done for ascertain¬ 
ing the mean. Lastly, a visual representation is possible as the 
median is usually an actual example while the mean is often 
visionary. The main defects of the median are that it is not 
possible to obtain the actual median in the case of a group having 
an even number of observations and so in such a case as a 
makeshift an average of the two items in the middle is taken. 
Again very little importance is attached to items on the extremes 
and as such the median fads to register charges due to the changes 
in the values of the items on the extremes. It gives no basis for 
further calculation. Even if the salary of a median worker is 
known it is not possible to find the total salary bill when the 
number of workers is given. In the case of mean, this can be 
easily calculated. It is likely that the median may be located at 
a point in the series where there are few or no observations, and 
thus it may fail to represent the real state of affairs. In general, 
however, it is a very useful form of an average particularly for 
the study of wages and that of distribution of wealth. 

Quartiles 

The median is the value of the item at the centre that 
divides the arrayed observations into two equal parts while in the 
case of quartiles four equal divisions are made. If the observa¬ 
tions are arrayed in the ascending order of magnitude the item 
having a position midway between the lower extreme and the 
median is the Lower or First Quartile and that between the median 
and the upper extreme is the Upper or Third Quartile. The 
median is thus one of the quartiles and is often known as 
Second Quartile. 

These quartiles like the median can be ascertained by the 
formula or by the graphic method, the only difference being that 
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the median is a midway point while these are the midway points 
between the median and the two extremes. When the series is 
arrayed in an ascending order the quartiles are computed by the 
following formula:— 


Lower Quartile i. e. Qi 


= 1 + 


(” 


4 

fr 



— c f 
^ X i 


JLn±JJ_cf 

Upper Quartile i. e. Qs = 1 -- X i 


But in the above formulae ‘cf is the cumulative frequency 
of the group lower to the one in which the particular quartile 
is situated and *fr’ is the frequency of the class in which 
the particular quartile is situated. 


In the foregoing frequency table giving wages of 160 workers 
the lower and upper quartiles are 39.0 and 55.78 respectively as 
will be seen from the solution given below :— 

The lower quartile number is ^ i.e. 40.25 and it is 


situated in the class 35-40 while the Upper quartile number is 
120.75 and is in the class 55-60. 


ii®0+l)-25 


Qi = 35 +- 

35 

19 

40.25—25 

— X5 

mm 


19 


= 35 + 4.01 



= 39.0 




_ 3(160+1) —117 

4 

Q3= 55 +- rr -X5 


= 55+-i22:^^X5 

= 55+0.78 
=s 55.78 
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These quartiies can be ascertained by the graphic method by 
drawing parallel lines to the base from the points in the ordinate 
that are midway between the median and the two extremes. 
From the two places where the cumulative frequency curve is cut 
by these parallel lines perpendiculars are to be dropped to the base 
and from their meeting points to the base line the two quartiles 
can be ascertained. (See Fig. 3 in the chapter on Graphs). * 

Quintiles, Octiles, Deciles and Percentiles 

The Quintiles, Octiles, Deciles and Percentiles are other 
forms of minor importance and are to be calculated by the 
method used for computing the quartiles with the changes 
necessary to suit the particular form. The quintiles divide the 
group into five equal parts while the octiles, deciles and 
percentiles divide it into eighths tenths and hundredths respectively. 
These values of the variables can also be ascertained by the 
graphic method just as is done in the case of ouartiles. 

The Mode 

It is usually found that in a given data a certain magnitude 
w^ill occur more frequently than any other and this predominant 
group can be easily located. The value of the item which is so 
common is known as IMode or ‘Norm’. It automatically follov's 
that if Items are selected at random and not deliberately from the 
data the most likely item to occur will be of model value. Even 
in the ordinary use mode means prevailing fashion or style. 
The standard of passing the matriculation examination being 33 
percent the greatest number ol students w ill usually figure in the 
class of those getting between 30 and 40 percent marks wdiich 
will then be the model class in the frequency table showing the 
distribution of students according to marks obtained at the 
matriculation examination. The Mode, in short, is the size of the 
variable which occurs most frequently. It is the point of great 
density in the frequency table. In the sample observations taken, 
the apparent mode is the model class and from that we arrive at 
the computed mode by certain calculations w^hiie the true mode 
may be still different. Sometimes there are more than one mode if 
there happen to be more classes with the same frequency and in 
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such a case if frequency distribution curve in drawn it will not 
be Unimodal but multimodaL 

Computation of the Mode: —If all the recorded 
observations are available before they are tabulated the mode is 
the size of that item which has occurred for the highest number of 
times. However, we are usually supplied with the observations 
in a tabulated form and so the mode or the Inspectional 
Average^ as it is sometimes callled, can be ascertained by one of 
the following methods :— 

(i) The Group Method. 

(ii) The Formula Method. 

(iii) The Graphic Method. 

1, The Group Method: —The Bracketted Method or the 
process of Grouping tliongh not very accurate is particularly 
useful when the mode is not clearly present or when the series 
happen to possess more than one mode. In this method the 
procedure consists in grouping the fre(iuencies normally m twos 
and threes. In the beginning the items grouped are first and 
second, third and fourth and so on. In the second case they are 
grouped by leaving the first, and then by taking them as second 
and third, fourth and fifth and so on. Next the grouping made is 
of three items such as, first, second and third and then fourth, fifth, 
and sixth. The first item is left in the next attempt and the 
group taken is of second, third and fourth and so on. In each 
case the classes having the highest number in the group are noted 
and the mode is then said to lie in the class which is found to 
have formed the group of classes securing the highest number. 
The grouping done is normally liy twos and threes but if 
necessary the grouping can be done by taking four or more items. 
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Height m 
inches. 


Freq uenc y_ 

j In groups of two I In groups of three 


61-62 


63-64 


64-65 ^ 35 


65-66 


GT—GS 16 


IF the results of the above grouping are tabulated they will 
be as under 


Column 


Groups having the maximum frequencies 


64—65 

64—63 I 65—66 


63—64 


63—64 


64—65 

64—65 65—66 

64—65 65—66 i 66—67 


Kumber 
of times 


62—63 63—64 64—65 
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It is evident, that the the group 64—65 is the most frequent 
and is, therefore, the Modal group. 

This method is more applicable in the case of the data 
having a discrete series but in a continuous series it will give 
only the class in which the mode is located. 

2. The Formula Method:—This formula method of 
determining the Mode is based on the assumption that the 
position of the mode in the model class is determined by the 
relative sizes of the adjacent groups. This is emperical method 
and the formula used is as under:— ^ 

Mode —1 + --- X i 

2 + 1 


where I is the lower limit of the class in which the apparent 
inode is situated. 

fi is the number of items m the class below that 
containing the mode. 

fj is the mode number of items in the class above that 
containing the mode, and 
i IS the class interval. 


By using the above formula to find tlie mode from the table 
giving the heights of 150 persons we get, 


Mode === 


64 

64 


4 “ 




4- 0.43 


64.43 


X 1 


By the above formula the mode has been calculated by 
taking the lower limit of the model class and by working up¬ 
wards. We can, however, get the same result by working 
downwards but in that case the formula used will have to be as 
under and 1 will be the upper limit of the modal class. 

4 

Mode = 1 — - - - X i 

4 + 6 

JJy usidg this formula we will have 
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Mode = 65 ~ 


24 

24 +' 18 


^ 65 - 0.57 
^ 64.63 


X i 


There is yet another better formula based on the relationship 
between the values of mean median and'mode but for this the 
values of mean, and median will have to be computed beforehand. 

Mode — Mean — 3 ( MeanMedian ). 

To be moie accurate 3 should be replaced by 3*03 


The Graphic Method: If a lre(iuency graph is constructed 
from the fre()uency table the abscissa of the highest point of the 
curve wall give the modal size as will be seen from Fig. 2 in the 
chapter on Graphs. It a cumulative frequency graph is con* 
structed the abscissa of the point uliere the curve is 
steepest will represent the modal size. 


Uses of Mode: -The utility of mode is being appreciated 
more and more day by day. In the science of Biology and 
Meteorology it has been found to be of great value. Of course, 
HI commerce and industry too it u attaining a very great 
importance. If the data is carefully and properly collected 
tlie modal item can be ascertained with a fair accuracy and it 
gives a good basis tor calculations and comparisons. The work 
of a modal man or machine can he taken as the basis for 
estimating the output and deficiencies can thus be ascertained. 
If a modal foot can be measured the employees in a shoe factory, 
when they have not got orders on hand, can produce pairs of 
shoes to fit it. This will help to keep the labour off from unem¬ 
ployment m the slack season. Many establishments are these days 
engaging their attention in keeping statistics of their sale to 
ascertain the particulars of the modal articles sold. 

Advantages and disadvantages: -As a form of an average 
the mode is very useful. Not only it gives a good picture of the 
type of distribution but it can be easily and clearly understood by 
an average person. Very often it can be ascertained by mere 
inspection and is known as an ^Inspectional average\ Even if it 
is computed by a formula the labour and tune required is much 
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less as compared to that required in the case of the arithmetic 
mean. It is neither necessary to know the details of the extreme 
items nor do they affect the mode unless they are in the modal 
class which is very rarely the case. It can in fact be compared 
by making use of few items only. Unless the series is a continu¬ 
ous one it represents an actual case as is done by the median but 
it has over the median the advantage of being of the predominat¬ 
ing magnitude. Besides, it is found to be of great utility in scien¬ 
tific and commercial matters. 

But the mode is defective in some respects. In the first place 
there are very often more modes than one in the series and in 
such a case not only its computation is difficult but even its 
utility is practically nominal. In an irregular group it loses its 
value. It fails to give proper importance to extreme items and as 
it is calculated by taking only a few items into consideration it 
is not based on all observations as is done in the case of mean. 
It does not tend to further arithmetical treatment. Even if the 
mode is known the aggregate of the series cannot be obtained 
in spite of knowing the total number of items. In fact as a 
clearly defined mode does not always exist and so its utility is not 
of much importance. 


The Geometric Mean 

The Geometric Mean or Average is the root of the product 
of all the observations comprising the group and it is computed 
by the following formula. 

Geometric Mean ==n/aXbXcXdXe 

V 

where n is the total number and a, b, c, d are different items^ 
Thus the Geometric Mean of numbers 1, 2, and 4 is 

Mg == 3 / 1 X 2 X 4 

^ L 

If however there is weightage present in the series of n 
observations the following formula will have to be used. 


Mg *= n / ai a 2 as a4 
Vaxbxcxd 
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where a, b, c, d will be the items and aj, aa. as a4 the correspon* 
ding weights. 


Computation of Geometric Mean 


Class interval ^ 

1 

Midvalue 

Frequency 

25-35 ' 

30 

2 

35-45 1 

40 

3 

45-55 

50 


55-65 

riO 

1 1 

1 

Total 

1 

1 '0 


G. M. = 10 / 30'' X 40^ X x 60' 

V 

For the computation of the geometric mean it is necessary 
to use logarithms to avoid calculations. In the first case i.e. in 
the case of series without weightage the formula will be 


Log Mg = 
i.e. Log Mg = 


loga_+ logjh "1 - l og^ 

n 

log I + log2_ 

3 

.00 + .301 0 4- >60 21 
3 


0.9031 

3~ 


0.3010 


Mg == 2.0 

In short the arithmetic mean of the logarithms of the 
individual measures will give the logarithm of the geometric 


mean. 
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In the case of weightage the formula will be 

Log Mg —^ 
n 

Using this formula in the case of the above example we get 
2 lo g 30 +_3 log 40 + 4 |og 50+1 log 60 
10 

- 2 9542 + 1:^0^+ 6.7960 + 1,7782 

-r”io 

_ 16.3347 

10 “ 

Mg. = 43*0 


Log Mag 


1.63347 


The Geometric mean is much less than the arithmetic mean 
unless all the quantities are equal which is rarely the case. The 
advantages claimed for this form of average are that it takes all 
observations into account, the weight attached to large items is 
less as compared with the arithmetic mean and it tends to further 
arithmetic and algebraic manipulations. But the great drawback 
is that it cannot be computed if any of the quantities is zero as 
the whole result will then be zero. It will not generally point 
out any observation in the series and for an average man it will 
be difficult to comprehend it apart from the fact that it is very 
difficult to compute. Again it gives comparatively less weight to 
extreme variations. 

Jevons used it for his study of prices. It is also being used 
for the Board of Trade Index Number of Wholesale Prices by the 
Board of Trade. In India it is made use of by the Calcutta 
Weekly ‘Capital* for computing the ‘Index of Business Activity 
in India.’ But on the whole it is not much used. 


The Harmonic Mean 


The Harmonic mean is computed by calculating the 
reciprocals of the arithmetic average of the reciprocals of the items 
of the series and the formula to be used is 

Tin ^ n where n is the 

1,1 ,1 total number of 

a b c items and a,b,c...the 

items in the series. 
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The harmonic mean of the following four items 3, 5, 9 and 
10 will be 


Mh 



9 10 


4 

67 

90 


= 5,37 


The harmonic mean which is smaller than the geometric 
mean is useful in measuring the change or the variation m the 
data and in its computation extrenre items are not given much 
weight. It is however, difficult to comphrehend its meaning and 
also to calculate because of the calculations involved. It has a 
restricted field and is not made much use of by statisticians. 

Relations between different forms of averages:^ —When 
all the averages are ascertained for a given series of magnitudes 
it will be seen that there exists certain relationship amongst them. 
In the case of a perfectly symmetrical distribution the mean, the 
median and the mode will coincide. In a moderately symmetri¬ 
cal distribution the position of the median is between the mean 
and the mode occupying the place one-third the distance along the 
scale from the mean towards the mode. The geometric mean is 
lower in value than that of the arithmetic average but more than 
that of the harmonic mean, unless all the measures in the series 
are equal. The geometric mean of any two terms is equal to the 
geometric mean of the harmonic and the arithmetic means of 
these terms, 

Uses of Averages:' —From the description of the various 
forms of averages it will be seen how useful they are m statistics. 
Most of them play such an important part that some writers have 
styled though not quite correctly statistics as the science of 
averages. With the increasing use of statistics pot only in scientific 
matters but in other spheres of life averages have been found to 
be of great utility in various ways. 

In the first place they are very useful in giving a concise 
picture of a large group. Instead of looking to a large number 
of tables giving the rainfall for various years a fair idea of 
the rainfall of that place can be obtained from its average 
rainfalL It is very difficult to form an idea of the level 

11 
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of the class of 150 students by going through the sheets giving 
their results. If the percentage of passes in different subjects 
or the average marks obtained are given immediately a fair idea 
regarding the class is obtained. If the average wage of a labourer 
is given one can have a picture of the large group of labourers. 
Secondly, experience has shown that if an average is taken of 
the observations selected at random it comes almost close to the 
average of the whole series. Difference there may be but it 
is almost nominal. In short, with the help of averages one can 
manage with samples rather than go in for detailed study of the 
whole group. Thirdly, the averages make the work of comparing 
the two groups much easier. If the average wages of the labourers 
m two mills are ascertained it is sure to show which mill 
pays better wages. With the help of averages comparison of 
the past and present can be made easily and they can even form 
the basis for future comparisons. Fourthly, by the use of averages 
the influence of the extreme items is to a great extent reduced. 
In a mill the office boy may get Rs. 20/~ per month while the 
manager may be drawing a fat salary of rupees two thousand. 
If averages can be made use of the influence of both these items 
on the extremes is greately minimised. Lastly, averages serve 
useful purpose of giving us the means to ascertain w^hether the 
items in the given group are substantialy uniform in size 
or there are great variations. This is achieved with the help of 
the methods of dispersion that are mainly based on averages. 
Again the averages tend to reduce the temporary irregular 
fluctuations as will be seen from the study of the moving averages. 
In the end a mathematical concept to the relationship between 
the different groups is given by the averages. The wagec in a 
certain mill may be on the whole more than m the other but the 
computation of an average is the only method to give us a definite 
ratio of one to the other. 

No doubt the averages are very useful but they have certain 
defects too. In the first place the averages give a fair idea of 
the situation but it is sometimes very misleading. They fail 
absolutely to give an idea of the trend, It is possible that two 
companies may have the same average of profits for the last five 
years yet one may be flourishing while the other may be on the 
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verge of bankruptcy. Similarly, the average rainfall at two 
places during the season may be the same yet in one the rainfall 
might have been properly spread over and in the other the average 
might have been made up because of heavy rains on some days 
in the beginning and at the end of the saason. The condition of 
the crops at the two places estimated on their average rainfall 
will be erroneous. Lastly, most of the averages rarely correspond 
to any item in the series and hence they are more imaginary than 
real. However, if used with proper care they are very useful in 
scientific and commercial activities, particularly when used with 
the help of dispersion and skewness. 


Essential requisites of an ideal average:— Averages are 
computed with a view to presenting a concise picture of the mass 
of the matter collected and hence it is necessary that an average 
should possess the characteristics essential for serving this 
purpose adequately. Fir.^//y, the average to be computed should 
be based on the whole data as in the absence of this property it 
will fail to register the characteristics of the whole distribution. 
In the case of the median and the mode the items on the extremes 
absolutely fail to influence the a\ erage computed. Secondlyt it 
should be rigidly defined and there should be definiteness about its 
calculation. It should m no way depend upon individual judgment 
as very often judgments differ in case of different persons 
depending upon their mood and temperament. In the absence 
of this there remains a scope for misconstruction and great 
difficulty is experience?^||j^omparing them. Thirdlyj the average, 
howsoever useful it may be, should be such as can be 
computed with reasonable ease and rapidity. In spite of the 
geometric mean being a better form of average it is not so popular 
as it is not easy to calculate. However, it is not proper to 
subordinate the utility of the average to the labour saving motive. 
Fourthlyt it should be based on the large range of data with 
a view to minimising the influence of abnormal observations. It 
is of course natural that calculations based on different observa¬ 
tions will give different values for the averages but the form of 
average should be such as will not yield greater difference in such 
tases. In short, it should be capable of not being much influen¬ 
ced by fluctuations in sampling and hence should be stable. 
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in character. Fifthly, it should have such simple properties as 
are likely to be understood easily by an average man and it should 
not be too absract like the geometric or the harmonic mean. 
Lastly, it should admit cf further mathematical treatment and 
not like the mode and the median which miserably fail to satisfy 
this desideratum. 

If the abov^e tests are applied in the case of the various 
averages it will be seen that the arithmetic mean is based on all 
observations, is rigidly dehned, can be computed with greater case, 
is not likely to be much affected by fluctuations in sampling, is 
very easily understood and tends itself to further mathematical 
treatment. The median and the mode are well defined, can be 
calculated with great ease and can also be comprehended with 
fair ease but they do not give any importance to the extreme items, 
are likely to be affected by fluctuations in sampling and do not 
tend themselves to further mathematical calculations. The 
remaining two forms of averages i. e. the geometric mean and the 
harmonic mean are based on all observations, are rigidly defined 
and can lend to further mathematical treatment but they fail to 
be comprehended by an average man and the calculations involved 
in their computation prove a great handicap. Judging from the 
various standpoints the arithmetic mean is on the whole the best 
form of average, is also most popular and is rightly known as 
the ‘Common Average. ’ 


Exercises. 


(^0 MEAN 

1. What IS an a\ erage. ? Mention the important forms of 
averages and state which of them are most used. 

2. Differentiate between (a) simple and weighted averages, 
and (b) composite and descriptive averages. 

3. Discuss the merits and demerits of arithmetic mean as a 

•«* form of average. 

4. From the following table calculate the average price of 
a lb, of tea and also the weighted average. 



Averagss 


101 


Price per Ib. lb. sold. 


4—0 96 

1—0—0 48 

1—4—0 36 

1—7—0 20 

1-10—0 15 


5. (a) What is a weighted average ? For what purpose 

is it used ? 

{b) From the lollowing data relating to paper consumed 
by a press, find out the difference in the weighted 
average cost of paper for the two years : 



1942-43 


1943-44 


De'Ci iplioii ol 

Rate per 

Quantity 

Rate per 

Quantity 

Paper 

II). 

<'on Slimed 

lb. 

consumed 


Ks! a. p. 

Tons 

Rs. a. p. 

Tons 

White 

0-7-2 

17 

o 

1 

00 

Hi 

Bn dam i 

0 - 6 - () 

6 

0-7-6 

8i 

Other kind 

0-J3-0 

14 

0-15 - 0 

10 


37 30 

( 1946-Oct..) 

(\ The following are the marks ol 93 students examined in 
History. Tabulate them by givmg a class-interval of 10 
and tlien fiud the arithmetic mean. 


74, 


29, 

36, 

15, 

49, 

54, 

69 

77, 

96, 

14, 

27, 

*3, 

81, 

17. 

21 

34, 

72, 

4, 

22 

19, 

92, 

25, 

34 

67, 

18, 

57, 

52, 

28, 

75, 

2, 

12 

87, 

35, 

47, 

61, 

60, 

43, 

89, 

91 

27, 

42, 

47, 

59, 

68, 

5, 

33, 

22 

84, 

97, 

78, 

59, 

46, 

34, 

72. 

65 

47, 

58, 

63, 

71, 

75, 

82, 

17, 

4 

14, 

92, 

88, 

77, 

68, 

54, 

15, 

29 

17, 

1, 

9, 

14, 

15, 

55, 

67, 

.95 

49, 

27, 

29, 

48, 

59, 

64, 

75, 

87 

19, 

1, 

97, 

14, 

54. 
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7. Prom the following table find out the average earnmgsi 
of the mill labourers in the Sabarmati raills^ 


Monthly wages. No, of Monthly wages. No. of 


Rs. 

labourers. 

15—18 

21 

18—21 

29 

21—24 

19 

24—27 

39 

27—30 

43 

30—33 

94 

33—36 

73 

36—39 

68 


Rs. 

labourers. 

39—42 

36 

42-45 

45 

45—48 

27 

48—51 

48 

31—54 

21 

54—57 

12 

57—60 

5 




8, The weights of the number of the Bombay Gymnasium 
are shown m the following table. Find the Arithmetic 
Average by taking 157*5 lb. as the Arbitrary Mean. 


Weights in lb. 

F requency 

Weight in lb. 

Frequency. 

Below 100 

5 

135—140 

27 

100—105 

31 

140—145 

42 

105—110 

29 

150—155 

29 

110—115 

93 

155—160 

13 

120—125 

105 

160—165 

3 

125—130 

72 

170—175 

4 



175—180 

1 

9. Heights of 310 students of the Albert College are given 

below and you are asked to find out the average height 


by the short-cut method and \'enfy the result by the 
other method. 
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Heig-ht in 

No, of 

Height in 

No, of 

inches 

Students 

inches 

‘Students 

Below 57 


12 


63—64 

42 

57—58 


19 


64—65 

12 

58—59 


29 


65—66 

17 

o 

1 


47 


66—67 

5 

61—62 


92 


68—69 

1 

62—53 


34 




10. The attendance of outdoor patients for 

60 days in the 

Kajabai 

Dispensary is 

as under. Find out the average 

attendance by taking 5 as the class interval. 

105, 

92, 


87, 

115, 124, 

130, 95 

147, 

117, 


95, 

122, 130, 

77, 87 

108, 

114, 


141, 

139, 96, 

89, 104 

89, 

116, 


112, 

129, 114, 

128, 123 

137, 

134, 


93, 

105, 103, 

36, 101 

100, 

130, 


112, 

129, 134, 

143, 149 

91, 

141, 


J07, 

132, 113, 

121, 120 

107, 

113, 


115, 

92, 131, • 

134, 108 

112, 

113, 


99, 

138. 


11, From the following table find the average size of a field. 

Area of fields 


No. of 

Area of fields No. of 

in acres. 


fields. 

in acres. 

fields. 

Below 1 



87 

8—8 

12 

1—2 



55 

8—9 

10 

2—3 



43 

9—10 

8 

3—4 



37 

10—11 

12 

4—5 



28 

11—12 

4 

5—6 



19 

12—13 

7 

6—7 



17 

14—15 

1 
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12. The sale prices and the quantities of food grains sold in 
two towns are shown in the following table. Compare 
the weighted average cost per maund of food grains in 
the two towns : 


Town A 


Town B 


Food grains 

Retail price ; 
per maund , 
Ks. i 

Quantity ! 

1 sold per week j 

1 HI mauiids , 

1 _ 1 

Retail price 
per maund 
Rs. 

Quantity 
sold per 

I week m 
maunds 

Rice 

14-8-0 

1 

i 50.000 ; 

20-8-0 

11,600 

Wheat 

12-8-0 

67,900 i 

15-8-0 

28,100 

1 

Jowar 

7-0-0 

1 

1 5,600 

1 

1 

1 

Bajri 

7-12-0 

1 

20,800 

1 

1 11-S-O 

1 4,200 

1 


( 1945-Oct.) 


ib) MEDIAN. 

13. Define a median and give the different methods of 
computing it. 

14. Write short notes on :— 

Quartiles, deciles and percentiles. 

15. Discuss the comparative ad\'antages and disadvantages 
of mean or median. 

16. Calculate the median from the following data :— 


Monthly pay 

No. of 

Monthly pay 

No. of 

in rupees. 

recipients. 

in rupees. 

recipients. 

Below 50 

57 

100—110 

24 

50—60 

39 

110—120 

14 

o 

1 

o 

48 

120—130 

11 

70—80 

26 

130—140 

6 

80—90 

21 

140—150 

2 

90-100 

19 
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17, The following table gives the number of deaths m 
different age-groups. Fmd the mfedian aid the upper 
quartile. 


Age groups. 

No. of deaths 

m a month. 

Age groups. 

No. of deaths 

m a month 

Below 5 

2 



5—10 

126 

35—40 

25 

10—15 

47 

40—43 

14 

tn 

1 

O 

29 

50—55 

19 

20—25 

57 

55—’60 

28. 

25—30 

65 

60—65 

12 

30—35 

32 

^5—70 

11 

18. From the information given regarding the population 
of 87 villages find the population of the median village. 

Population. No. of villages 

Population. 

No of villages 

T^low 500 

27 

^500 ]000 

5 

500-1000 

11 

^,000-3500 

h 

1000-1500 

9 

1500-4000 

7 

1500-2000 

10 

4000-4500 

5 

2000-2500 

7 




Find the first decile also 



i9. From the following table giving the* annual incomes 
of 3000 landlords find the median and the first quartile. 


12 
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income il} 

rupees. 

landlords 

Income in 

rupees 

No. of 

landlords^ 

Below 1000 

724 

7000—8000 

U5 

1000—2000 

439 

8000—9000 

87 

2000—3000 

382 

9000—10000 

97 

3000—4000 

357 

10000--1I00() 

h4 

4000—5000 

298 

H 000—12000 

15 

.5000—6000 

202 

12000—13000 

17 

6000—7000 

193 

13000—14000 

10 

Determine graphically the quartiles and the 
the distribution given bejow ;— 

median of 

of paylees sold. 


No. of ration shops. 

200—299 


5 


300—399 


9 


400—499 


13 


500—599 


17 


600—699 


22 


700—799 


17 


800—899 


7 


900—999 


6 


1000—1099 


2 


Total 


100 



< l945~Mar.) 

21. >find ipaphically the tnedauj and the thiH ol 

following di8trU>utioo;-" 



Weight in graois. 
60— 79 
80— 99 
iOO—U9 
120--U9 
140—159 
160—179 
180—199 
200—219 
220—239 

Total 


No. of i ji l fewfc. 
5 
13 
16 
8 
4 

2 

I 

I 

50 


{ 1947--Oct } 

22. Determine graphically the quartiles and the tnedian loi 
the following table :— 




Income. 


No. of persoiui. 

Below 

Rs. 30 


69 

Hs. 

30 

and below Es. 

40 

167 

Rs. 

40 


50 

207 

Rs. 

50 

it tt 

60 

65 

Rs. 

60 

tt *1 

70 

58 

Ks. 

70 

t> tt 

80 

27 

Rs 

80 

and ovet 


10 



Total 


603 


( 1942-Mar.) 

Discuss the adv^tages and dis<advantages of the mediau ae 
average. 

(c) Mode. 

23. Define mode and discuss its utility parltcuiarly in 
Commerce. 

24. Discuss the different kinds ot averages used in statisticsal 
methods and give their relative merits with tU^tglratiana 

() 





25. iJotcs on :— 

Uni modal curve, apparent mode and bracketted 
method/ 

26* Give the different methods of ascertaining the mode and 
state with reasons the method you would like to follow. 

27. Define and discuss the properties and uses of the follo¬ 
wing forms of averages :— 

Arithmetic mean, median, mode and geometric 
mean. ( 1943-Oct. ) 

28. The test-marks of 150 students are given below. Find 


the Mode. 




Marks. No. of recipients. 

Maiks. 

No. of recipients. 

Below 5 

14 

25—30 

18 

5—10 

11 

30—35 

18 

10-15- 


35—40 

. 14 

15—20 

19 

40—45 

4 

20—25 

38 

‘ 1 - 5—50 

2 


29, The earnings ol 72 buses pi>ing in Ahmedabad on 5th 
January, 1948 are as under 


Rs. 72, 

85. 

93, 

84, 

105, 

121, 

71 

69. 

92, 

106, 

68, 

107, 

112. 

96 

104, 

J03, 

87, 

69, 

85, 

104. 

92 

.103, 

92, 

101, 

89, 

74, 

69, 

99 

* 104, 

86, 

103, 

102, 

97, 

94, 

91 

76, 

82, 

104,. 

102, 

131, 

117, 

112 

128, 

124, 

103, 

101, 

102, 

104, 

94 

117, 

112, 

104, 

102, 

109, 

110, 

93 

•87. 

74. 

84, 

102, 

101, 

112, 

107 

. 79, 
toi, 

81, 

104 

104, 

1-03, 

94 . 

97, 

81 



jluvifittgta. 




Find the Mod6^by taking 5 as the class tnt^tvatf 

30» The record of sale of tea of the Capital Stores Ltd is 
given below and you are asked to ascertain the mode. 


Price per lb. No. of lb. 


Price per lb. No. of lb. 


in rupees. 

sold. 

m rupees. 

sold. 

Below 0-12 

74 

1—2 to 1—3' 

68 

0-12 to 0-13 

38 

1—3 to 1—4 

47 

0-13 to 0-14 

39 

1—4 to l*-^5 

35 

0-14 to 0-15 

42 

1 

o 

T 

0^ 

22 

0-15 to 1—0 

57 

1—6 to 1—7 

12 

1—0 to 1—1 

87 

1—7 to 1—8 

7 

1—1 to 1—2 

74 




31, From the 

following data 

bnd the Mode. 


Height in 

Frequency 

Height in 

Frequency 

inches 


inches. 


Below 58 

17 

63—64 

37 

S8—59 

27' 

64—65 

14 ' 

59—60 

14 

65—66 

8 

60—61 

19 

66—67 

12 

61—62 

22 

67—68 

' 5 ^ 

62—63 

43 




32. Recast the following cumulative table into th^ fptni oi 
an ordinary frequency distribution and daterinine ^ti>e 
value of the mode by using the formula; 



m skrimick 

Mmn^Uodie^I ( Meaa^Median i 


No. of days 

No. of 

absent 

Students 

Less than 5 

29 

„ M 10 

224 

15 

465 

H tt 20 

582 

*» H 25 

634 

♦I 1* 30 

644 

7i tt 35 

650 

„ » 40 

653 

„ 45 

655 


33. Discuss the essential requisites ot an average and m 

light of them critically examine all the forms of 

averages. 

34. Wages of six liU^ourers are given below and you are 
asked to calculate geometric and harmonic means. 

Rs. 40, 50, 60, 70, 80, 90. 


35 ' The use of weights m the computation of weighted 

averages, which is a laborious process and continually 
leads to controversies, appears to be superfluous*. Criti¬ 



cally examine this statement by giving suitable examples. 

Calculate the general corrected death rates from the 
following information:— 


Town A \ Town B 


Age-group 

~ 


t 

1 j 

““ — 


Population 

Deaths 

1 Population 

• t 

Deaths 

Under 5 years 

3,000 

80 

6,000 j 

' ~150 

5—20 

15,000 

140 

1,4000 

160 

20—40 

30,000 

220 

20,000 

179 

Over 40 

7,000 

1 JOO 

4,000 

180 

Total 

55,000 

1 

1 740 

44,00(f 

660 








Hi 

37. The deaths m two towns A and B are given accordiiig to 
the age groups and you are asked to state with reasons 
which of the two places you consider more bealdiy. 


Age group 

1 Town A 

Town B 

' Population j 

Deaths 

Population j 

Deaths. 

Under 10 

8000 

180 

1 

20000 . 

320 

10-25 

26000 

130 

100000 

630 

25-40 

60000 i 

1 1 

450 

250000 

1980 

Above 40 

j 6000 

t 

400 

25000 

1770 

1 

1 

Total 

j 100,000 

1 

j 1160 

395,000 

1 

1 4900 


The following table showb the sue of certain units 
v^^'^mpted out in vniions coalfields of India. In which area 
is the average size of the coal-mining unit largest ? 


No. of persons 

Jhana 

Raniganj 

C. P. 

employed 

Na of units 

No. of units 

No. of units 

Below 50 

3 

3 

I 

50-100 

12 

4 

1 

100-200 

18 

10 

8 

200-300 

16 

12 

3 

300-400 

14 

8 

3 

400-500 

6 

9 

1 

500-1000 

19 

13 

6 

1000 and above 

13 

9 

7 


101 

68 

32 





CHAPTER V!1 


DIAGRAMS 

When a mass of statistical matter is collected it does not, in 
that state, serve much useful purpose unless it is properly 
classified as it is by the process of tabulation that the massy 
matter is put in logical order according to the units of measure¬ 
ment But even with this device the power of visualization is 
partly realised. It is difficult even for an expert to bear in mind 
all the figures and in attempting to do so he is apt to lose sight of 
their relations. If tables are properly planned out and columns 
are provided for ratios and percentages this difficulty can be 
minimised, but if the matter is diagrammatically represented 
proportional relations between the various items can be easily and 
clearly brought out, the relations of amounts of space can be 
emphasized and above all they will aid us in holding in mind a 
large number of facts without much strain or effort. This is done 
by representing the matter by diagrams of one form or the other 
comprising of curves, geometrical figures or pictures to suit the 
particular case. 

Diagrams bring outstanding features readily to the eye and 
thus present a picture of broad statistical facts based on tables but 
as such they cannot displace them. In fact it is very necessary 
that the tables, on which the diagrams are based should accom¬ 
pany them, as in the absence of such tables an accurate and detailed 
study of the problem in hand will be very difficult. They will, 
however, help us considerably in illustrating the tabulated data 
m a summarized form and thus render assistance in statistical 
studies by representing the matter with a suitable background. 

’Utility: —Though diagrams are not intended to add any new 
meaning to the existing statistical facts presented by them they* help 
us in exhibiting the results more clearly^ particularly to persons 
who have not got the requisite mathematical training. Scanning 
the figures from the tables becomes very tiresome to the eye and 
it oltdn, cohfuses an average person while making comparisons 
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which i$ vai?isr iaStm tiwi licsircii ob}eat Thi^ "can be easily 
achieved by pteseating the facts by means of diagrams or charts 
which is ifm best 0 / appecding to the mind through the eye* 
through which medium man easily compares lengths, areas and 
volumes. When a manager of a factory has to review the 
productions of the various departments under his control it would 
help him considerably if the results are presented diagrammatically 
as in that case oven at a glance he can have an idea of the 
progress. Similar will be the case of a busy physician who has to 
attend to several patients. Instead of recording their temperature 
and pulse in tables if adequate charts are maintained the charges 
will be readily intelligible at a glance and it will not only help 
him in diagnosing the case more efficiently but in saving a 
considerable amount of his valuable time and energy. 

Again a diagrammatic representation of facts will attract the 
attention more quickly and leave a more lasting impression on the 
mind of the observer. Instead of merely recording tables of 
Death Rates or of Illiteracy if diagrams are drawn, as is done in 
pictograms, they will be more effective. In the Glasgow Exhibition 
of 1938 incomes of labourers as well as of capitalists of coal 
companies in India were very effectively shown by diagrams and 
the observers were much impressed by the inequality and the 
miserable condition of labour in India. In short ^Pages of cold 
figures can be made to speak in clear tones if translated 
into the diagrammatic language.^ Above all with the help of 
graphic curves it is possible under normal conditions to forecast 
tendencies and likely changes in the future based on the experiences 
in the past. Looking to the growth of the population in the past 
one could* with reasonable accuracy extrapolate the population 
figure for the future. Even the missing data can be more easily 
interpolated with a fair amount of accuracy with the help of 
curves than by adjusting figures by formulas. It is a common 
experience of statistical workers that seasonal variations as wall 
as correlation can be easily marked by a graphic diagram. In 
addition diagrams are of great use to those who do not want to 
go into details for want of time and yet want to have some 
infbrmiition. Diagrams particularly of pictorial type evoke great 
interest which is almost impossible in the case of tabvdar 

lS-16 
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statements. It is no wonder, therefore, that advertising pages of 
newspapers and magazines are often filled with picture, charts and 
diagrams designed to arrest the attention of readers and to convey 
quickly the essential ideas. 

It must be borne in mind that a diagram represents only a 
broad picture and the accuracy of figures obtained from tables 
cannot be expected therefrom. It is very difficult to note the 
difference between 289 and 296 crores of rupees export when both 
are represented by small diagrams. Very often in the same 
diagram effort is made to show several things under review with 
the result that diagrams become confusing to the eye. This happens 
particularly when several curves are drawn in the same diagram. 
It is not unnsual to find the same data being represented differently 
by different parties having opposite interests and thus presenting 
quite different pictures. With the change of scales in the case of a 
graph the diagram will readily admit of diminution or of 
exaggeration of facts. If the space between two points on the 
horizontal scale is increased the curve showing the rise as well 
as fall will be materially flattened out, while with the decrease in 
space the rise will appear accentuated and the fall will look far 
more steep. Again, certain forms appear to be misleading even 
if they are geometrically correct. For instance, if two circles 
are drawn having diameters in the ratio of one to two, the area of 
the former circle will appear to be far less than half of the 
latter. If lines of equal lengths are drawn but with angles at 
both ends in different directions they will give an impression of 
having different lengths. Vertical lines appear to be longer than 
horizontal ones. 

Lines of equal lengths appearing to be otherwise 






However, if proper care is taken in drawing the diagrams 
they are very useful and that is why they are being more and 
more used in the statistical work. 

Essential requisites:‘-Indrawingagood diagram it is neces¬ 
sary to carefully bear in mind its artistic as well as scientific 
aspect. A diagram which has been designed with great care but 
has not been properly drawn and finished will fail to command the 
necessary attention with the result that the time and energy will 
be to a great extent wasted. On the contrary, the diagram drawn 
quite artistically but not correctly designed will receive undue 
attention and may even sometimes give wrong impression which 
is certainly far from desirable. It is needless to state that a 
diagram must be neat and absolutely to the scale. If productions 
of two mills are shown by lines or bars their lengths must be 
proportionate to the units of their production. It must have at 
the same time a good visual effect because if the diagrams are too 
complicated or if they are poorly designed they will fail to achieve 
the desired object. If in an area diagram too many items sure 
shown or if many curves without proper distinguishing marks 
are drawn on a small sheet it would confuse the observer and the 
visual effect will be very poor. The design of the diagram should 
be simple yet impressive and it should not involve too much 





m 

labour and yet should bring out comparisons wherever possible, 
Lastly the cost, time and labour involved should in no case be 
disproportionate to the utility. In short, maximum utility with 
minimum labour and cost should be the guiding principle. 

Types of Diagrams: —There are various diagrammatic 
forms in which the statistical matter can be represented such as 
lines, curves, bars, circles, squares, spheres, prisms and pictures 
but while drawing a diagram the type giving the best result in 
the particular case will have to be carefully selected. The 
rainfall at a place for a number of years can be shown by means 
of lines, bars, curves, etc. but as the main idea will be to study 
the variations the use of a curve will be most suitable. If the 
density of population in the different provinces is to be depicted a 
statistical map would serve the purpose much better than any 
other form. In order to ascertain which type of a diagram will 
be most suitable for a particular purpose it is necessary to study 
the various kinds and their characteristics and for this it 
will be convenient to classify them into a few groups based 
mainly on their geometrical distinctions namely lines, areas and 
volumes. Curves as a rule will be in the Line Group> but 
for a matter of convenience and more because of a great 
importance attached to them in statistical studies they will 
be treated separately under the heading of Graphs. The various 
kinds of diagrams will be grouped as under :—^ 

I. One Dimensional Diagrams i. e. line diagrams consis- 
ting of curves and lines as well as bars. 

II. Area Diagrams i. e. two dimensional diagrams 
consisting of squares, rectangles, circles and angular 
diagrams. 

III. Volume Diagrams i. e. three dimensional diagrams 
consisting of cubes, prisms, cylinder blocks whose 
volumes are in proportion to the figures. 

IV. Pictograms e. g. statistical maps, charts apd pictures. 

Directions: —As already explained there are several forms 
of diagrams and naturally the teachnique of drawing each of them 
will differ but there certain general directions which axe 
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applicable in almost all cases and so they have been given at the 
outset to avoid repetition. 

1. Heading :—For each diagram a suitable yet a short 
beading should be given such as ‘Bankers’, ‘clearing’, ‘Production 
of wheat in India’> ‘Income per Head.* But in case the matter is 
likely to be misunderstood by a short heading a sub-heading 
should also be given. 

2. Size :—As a diagram is drawn to exhibit the statistical 
matter more clearly it is necessary that its size should be such as 
will allow its significant features to be clearly perceived. All the 
details must be clearly visible and the given data must stand in 
bold relief It should not appear clumsy and should not be too 
small or too big. It goes without saying that the size will also 
depend upon the space conveniently available. 

3 Scale :—When the size of a diagram is fixed the scale 
to be adopted should be determined. This is written in the 
case of maps and charts, preferably in the right-hand top comer or 
in the left-hand bottom as I inch = 10 miles, or a line is 

Scale 

drawn showing the scale as under -In 

the case of curves the scale is shown on the vertical and 
horizontal lines. In determining the scale it should be borne in 
mind that the figure drawn should be in a position to show clearly 
the necessary details 

4 . Drawing :—As a diagram is required to be impressive 
it should be neatly as well as accurately drawn with the help of 
drawing instruments. The scale adopted must be strictly and 
rigidly followed. Colouring, dotting, crossing or cross-hatching 
should be done either in pencil or in colour but it should be free 
from blots. If lettering is done the letters should as far as 
possible read horizontaelly. If necessary a plain border should also 
be drawn. 


5. Guide or Key to a diagram :—When in a diagram many 
items are to be shown it is dope by dktinguishing these by 
different types of colouring, crossing* cross-hatching or dotting. 
A key to such a diagram should be provided but in doing so it 
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should he seen that the visual impression conveyed by the diagram 
is not in any way distorted* 

6. The original data on which the diagram has been based 
should be given, if possible, facing the diagram as this will help 
the observer to see the details with accuracy and there will remain 
no possibility of any misunderstanding or misrepresentation. If 
possible a reference to the source of the table should be mentioned. 

In the end it must be remembered that the test of a good 
diagram depends upon the speed and ease with which the observer 
can interpret it and the cost and energy involved in its drawing. 

1. One Dimensional Diagrams:— This group comprises 
of diagrams based on lines, straight as well as curve, but for the 
sake of convenience of treatment as slated already a separate 
chapter has been devoted to the study of Graphs. 

Lines have no appreciable width and so a line-diagram is 
poor as far as its visual effect is concerned. It is to get over this 
difficulty that a bar diagram is preferred. It must be noted that the 
width has no mathematical importance and hence its size which 
should not be too big or too small, is governed mainly by the 
visual effect it is likely to produce. Bars may be simple or sub¬ 
divided and further they can be placed vertically or horizontally. 

Lines or Simple Bars: —When a line or a bar diagram is 
to be drawn the height taken is to be in proportion to the data and 
the scale should be fixed by taking into consideration the height 
of the largest bar and the size of the diagram. Lines or bars should 
be drawn as far as possible on a common horizontal line though it 
is not uncommon to find a vertical line being taken for this pur¬ 
pose, It must, however, be noted that the scale at the base should 
begin at zero, otherwise a false impression is given as will be 
seen from Fig. 4. 

If at all it becomes very necessary to begin the scale at a 
higher figure than zero it should be shown by a false line as 
shown in Fig. 1 in the chapter on Graphs. The lines or bars 
should not be made to touch each other and there should be equal 
intervening space. The scale should be shown on the left hand 
side and not on the right as by having it on the left the observer 
knows beforehand what the scale is since he reads from left to 
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right. In case the diagram is too tvide it is better to give the scale 
on both the sides. In no case a diagram should look blurred or 
dirty and if space is less for bars lines should be drawn. 


Table 1—Density or population per sq. mile. 


Years 

Bombay Presidency 

Madras Presidency 

1921 

209 

318 

1931 

235 

350 

1941 

272 

391 
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nl m tha BimtbAjr Presidency 


1921 

209 

1931 

235 

1941 

272 



In Fig. 2. the density of population in the Bombay Presidency 
has been shown by a line diagram while that of the Madras Pre- 
sidency by a bar diagram. In Fig. 3. the density of population in 
the Bombay Presidency is shown by horizontal bars. It will be 
easily seen that a bar diagram produces a better visual effect than 
a line diagram. 

Density of Population in the Madras Presidency 



Fig 4. Baf'^ckart (without the zero line) 






id21 1931 1941 

Fig. 5. 


Density of Population 

In case it is desired to effect a comparison it is better to place 
the two lines or bars side by side rather than at different places. 
In Fig. 5 the density of population in the two Presidencies has 
been shown by drawing the bars in two sets but in Fig. 6 

Density of Population in the Madras Presidency 


Fig. 6. 
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400 

350 



1921 1931 1941 


Fig. 7. 


it has been done by placing those of the same year side by side 
and in Fig, 7 they are drawn touching each other. In such a case 
the two bars should be either differently coloured or there should 
be different crossings or cross-hatchings or dottings to distinguish 
the two bars. Charts prepared in this way are known as Multiple 
or Compound Bar Charts, 

Duo-Directional Bars:— In all the above cases the bars 
had only one direction. They can also be drawn on both sides of 
the base and they are then known as Duo-Directional bars as will 
be seen form Fig. 8 and Fig. 9. In the former the bars have vertical 
directions while in the other they are drawn horizontally. 
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Fig. 9. Horizontal Duo-Directional Bars 

Sub-divided Bar : —In the case of a simple bar the length 
represents the frequency or the magnitude but in a sub-divided bar 
diagram ,the bar is sub-divided into various parts in proportion to 
their values given in the data and the whole bar represents the 
total. The sub-divisions are distinguished by different colours, 
dots or crossings. The main defect in this case is that all the 
parts have not got a common base to enable us to compare accu¬ 
rately the various cases under consideration. Such charts are also 
known as Component Bar-charts. 


Table 2—Currency in crores of rupees in India 

Notes. Rupee Coin Total 

1944- 45 1085 147 1232 

Percent 88.07 11.93 100 

1945- 46 1219 166 1385 


Per cent 


88.0 


12.0 


100 






Ctirreiicy in crores of rtipees in India 



Fig, 10. Divided Bar Diagram 


Hundred percent bars: —This is one of the forms of percen¬ 
tage distribution diagrams and in this the component parts are 
drawn on percentage basis i. e. each part shows what percent it is 
to the whole. The data from table 2 has been represented in this 
form of diagram in Fig. 11. in horizontal bars but it can also be 
shown by vertical bars. 
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Currency in crores of rupees 

NOTES COINS 



Fig. II. Hundred Per Cent Bars 


In area diagram pie or circular charts are made use of to 
show percentage distribution but for comparison such charts are 
not as useful as bar charts. 

Polar Diagrams: —It is a form of bar diagram and is made 
use of to represent the number of events occurring in certain hours. 
Lines are drawn from a common point in various directions 
of different lengths proportional to the magnitudes or frequencies 
of the events. It appears like the rays of the sun or a clock but 
as the lines are drawn in various directions the comparison of 
their lengths becomes difficult as will be seen from Fig. 12 show¬ 
ing the number of cars passing by a particular road from 6 A. M. 
to 6 P. M. Due to this defect this form of diagram is not usually 
made use of. 
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Number of cars passing by Taj Road 
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Fig, 12. Polar Diagram 


11. Area Diagrams: —In one-dimensional diagrams only 
the length is taken into account while the breadth is only for 
increasing the visual effect. In two-dimensional diagrams also 
called Area or Surface diagrams, the area represents the data 
and so the length and breadth have equal importance from the 
diagrammatic point of view. The most common forms of this type 
are rectangles and circles and they are again sub-divided into 
sections to represent different types. 


Rectangles: —As the area of a rectangle is to represent the 
total units the base (i. e. breadth) should be fixed first and the 
length will then be ascertained by dividing the total units by the 
units of the breadth. If the component parts are to be shown their 
length will be similarly calculated. 
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Table 5. Clearing House Returns (in crores of rupees) 


Years 

Bombay 

Calcutta 

i Rest. 

1 

Total 

1944-45 

186 

196 

58 

444 

1945-46 j 

207 

236 

67 

510 

t 


Clearing House Returns {j,n cvotes of Tupees) 


60 + 


40 + 


30 + 


20 + 


10 + 



BOMBAY 


CALCUTTA 


REST 


□ 


1944-45 1945-46 


Fig. 13. Subdivided Rectangles 

From Fig. 13 it will be seen that the first rectangle shows the 
Clearing House figures for 1944-45 with divisions showing 
amounts for Bombay, Calcutta and other centres and the other 
rectangle gives similar information for 1945-46. 

Sometimes it is desired to show the actual figures as well as 
the percentages of the various items to the total. This can be easily 
done by taking the length as 100 and then adjusting the breadth 
to make up the required area. In this case comparison can be 
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made on percentage basis as will be clear from the following 
example:— 

Table ^— Number of students in two colleges. 





College A 

( 

1 


College B 

Class 

No. 

Percent¬ 

age 

Cum. 
Percent¬ 
age ^ 

No. 

1 Percent¬ 
age 

Cum. 

Percent¬ 

age 

I 

Year ' 

480 

40 

40 

1 400 

50 

i 50 

i 

II 

Year 

300 

25 

65 

200 

25 

75 

III 

Year 

240 

20 

85 

120 

15 

90 

IV 

Year 

1 

180 

15 1 

1 

100 

1 80 

10 

' 100 


Total 1 

) 

1200 

1 ' 

100 

1 1 


800 

1 100 

1 


In figure 14 

the areas 

of the 

two 

rectangles 

show 


the total number of students in each institution and the parts 
show the strength of the classes. The veritical scale on the left 
shows the percentage strength of each class in the two 
colleges. 


17-18 
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Fig. 14—Rectangles showing percentages 


Such diagrams are not difBcult to draw and are very useful 
particularly when comparison is to be made between two 
groups as well as between their components* In business 
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percentages of cost, profit and loss can be very clearly shown by 
such diagrams. They are often known as Percentage Distribuiim 
Diagrams. 

Squares :—When the values of items to be represented dia« 
grammatically have a wide range, it is difficult to represent 
them by means of rectangles because if the scale taken is a small one 
the heights of some of the recentagles will be disproportionately 
large and if otherwise, the item representing a small value will be 
too small. To gel over this difficulty squares are drawn instead of 
rectangles as the sides of a square will be shorter as compared 
to that of a rectangle. 

To draw square diagrams square root is taken of the values 
of the various items to be shown diagrammatically and then 
squares are drawn by taking a convenient scale as illustrated by 
the following example :— 

Table 5,— Exports from some of the Kathiawar ports 


Place 

i 

Exports in 
1943-45 
(in thousands 
of rupees) 

! 

1 Square root 

1 

Side of the 
square by taking 
, 100 units to one 

1 inch 

1 

“i' 

Navanagar 

182,08 1 

134.9 

f 

1.35 

Morvi * 

I 

40,57 

63.7 

' 0.64 

1 

Bhavanagar , 

6,57 

25.8 

0.26 
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Exports from Kathiawar ports 



Fig. 15. Square Diagrams. 

It will be seen that the square representing exports of 
. Navanagar has a side of 1*35'^ and an area of 1 *82 sq. inchesj the 
resulting scale, therefore, being one square inch equal to a crore 
of rupees. 

Circles: —Circular diagrams or Pie-diagrams, as they are 
often called, are very useful in emphasising areas besides being 
comparatively, easier to draw. With circles and sectors simple 
magnitudes as well as the total and component parts can be 
easily exhibited. Circles can be drawn by making either their 
diameters or areas proportionate to the magnitudes in question; 
but it is the latter method that is usually made use of and is 
particularly useful when magnitudes are to be shown by sectors. 
It is, however, very difficult to judge with precision the relative 
areas of circles. If two circles are drawn having areas in 
proportion of 1 : 2 the impression made will be far from reality 
(see Fig. 1) and this is the main defect in cases of circular diagrams. 

Circular diagrams are normally drawn on the basis of the 
area and not on that of the circumference. In the case of a square 
its area is equal to the square of one of its sides. In the case of a 
circle it is equal to the square of its radius multiplied by 3.1416. 
It will be seen from this that the area of a circle will vary as the 
square of its radius. 

To draw circular diagrams square roots of the data should 
be obtained and then these roots should be divided by some 
convenient number to obtain the radius as is done in the following 
example:— 
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Table 6— Cheques cleared in Clearing House in Indtiu 


TSt 

Crores of rupees I 

Square root 

Radii in inches 

1 

2 1 

3 

4 

1935 

1937 ! 

44.0 

1 

! .44 

( 

1940 

2320 

48.2 

! .48 

1945 

1 

5902 1 

1 

76.8 

1 .77 


In the above table, column (3) gives the square roots of the 
amounts and the radii in inches have been arrived at by dividing 
them by 100 as otherwise the circles drawn will be too big. 

Cheques cleared in Clearing Houses 

( in crores of rupees ) 



1935 1940 1945 


Fig 16 Circular Diagram 

The area of a circle is equal to 3.1416 multiplied by square of 
the radius and so the areas of the three circles are 2.43, 2.89 and 
7.44 sq, inches respectively representing 1937, 2320 and 5902 crores 
of rupees. The scale per square inch, therefore, works approxi* 
mately to 800 crores of rupees to an inch. 

Angular Diagrams: —As a bar or a rectangle is sub-divided 
to show its components, a circle can be divided into sectors and 
this can be easily done as the areas of the sectors are proportional 
to the angles at the centre. As there are 360^ at the centre each 

detgree of the angle at the centre represents ^~ area of the cirde 




m 




Taking lihls proportioni sectors can be drawn to represent the 
different component parts. As this working is comparatively 
simpler and as circles with sectors attract attention more easily, 
they are invariably preferred to squares. 

Table 7— Cheques cleared in India in Clearing Houses 



1940 

' 1945 


Centres i 
(1) 

Amounts in 
crores of Rs. 
(2) 

j Angles of 
the sectors 
(degree) 

(3) 1 

Amount in 1 
crores of Rs. 

' . (4) ! 

‘ ! 

Angles 
of the 
sectors 
(degrees) 

Calcutta 1 

1070 

166 ’ 

! ”” 1 

2670 i 

163 

Bombay 

1 829 

129 > 

' 2443 

149 

Madras 

108 

* 17 

274 

17 

Other 

Centres 

1 

1 

313 i 

1 

1 

1 

I 48 

1 

515 i 

1 

31 

Total 

2320 ! 

360 

5902 

360 


1 


Cheques cleared in Clearing Houses 


( in crores of rupees ) 
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ta figure 17 two clrctes are drawn to refiresent crores 
of rupees worth of cheques cleared in different clearing houses 
in the years 1940 and 1945, and their sub*divisions into sectors 
have been made on the principle that at the centre there are 360^ 
and so the degrees for the various sub-divisions have been worked 
out in proportion to the total area. When the angles at the centre 
are marked with a protractor it is very easy to divide the circle 
into sectors having the desired areas. These sub-divided circles 
present a considerable difficulty when the area is to be ascertained 
particularly as compared to the calculation of the areas of sub* 
divided squares or rectangles. It is again inconvenient to read 
the names given to the various sectors, question of comparing 
areas of the same type being still more difficult. 

III. Volume Diagrams: —Volume or Three-Dimensional 
diagrams comprise of cubesi spheres, prisms, cylinders, and 
blocks. Of these, cubes are mainly used and their sides are drawn 
in proportion to the cube roots of the magnitude of the data. 
They are particularly useful when the data has a very wide 
range. In such a case it would be very difficult to represent 
the quantities even by squares not to think of the bars or 
rectangles as the figures drawn will show a very great divergence. 


Table 8— Area under cocoanut in 1941-42. 


Province 

1 Acres 

1 1 

i Reduced figures i 

Cube 

Side of 

1 

1 2 

1 

3 ' 

1 1 

roots 

a Cube 

Madras 

j 596147 

20557 

[ 

27.40 

1 2.74 

Bombay 

28547 

984 1 

9.95 

1.00 

Orissa 

28425 

980 j 

9,93 

0.99 

Bengal ^ 

12700 

438 

7.59 

0.76 

Sind 

29 

i 1 

' 1 

1.00 

0.10 



ORISSA 


Ftg 18 Volume Diagrams (cubes). 







Iq table no. 8 in eolama no. (2) aei«s undear oocoeante 
are given according to provinces but the range is vtxy, very wide. 
The acreage in Madras is 596147 while that in Sind is only 29 
and so rectangles or squares cannot be conveniently drawn for 
this data. As the figures of acreage are too big, they have been 
reduced by dividing each of them by 29 and writing them in 
column (3). Even the figures of 'cube roots are too big to be 
taken as sides of cubes and so each of these figures has been 
reduced by dividing it by 10. With the sides given in the last 
column the cubes are constructed to represent the various 
provinces. For this purpose, a square with the given side is drawn 
and then another square of the same dimension is placed behind it 
at a convenient distance and the corresponding corners are then 
joined as shown in the diagram for Orissa in figure 18. 

IV* Picto^rams —Maps and Pictures- 

Tabular data can also be represented by pictograms, carto- 
grams, maps and pictures as these methods help considerably in 
attracting the attention to the statistical matter which when 
presented in the ordinary diagrammatic form is very often ignored. 

Pictograms are diagrams of pictorial or semi-pictorial nature 
and are drawn in different sizes according to scale to demonstrate 
the tabulated matter. For instance, if ‘Per Capita Deposits’ of 
two countries are in the ratio of 2:1 two symbols of pouch holding 
money can be drawn the proportion to their seizes being 2:1 to 
maintain the proportion to the data. Similarly, if imports of two 
countries or of two years of the same country are in the propor¬ 
tion of 1:3 two ships full of cargo will be drawn with sizes in the 
given proportion i e. 1 : 3 and the names of the countries or years 
will be shown to designate them. The other method is of main¬ 
taining the size but making a change in the number of figures 
drawn. In the case of ‘Per Capita Deposits’ in this method two 
pouches will be shown for one country and one for the other 
country thereby showing that the ‘Per Capita Deposits’ in the 
two countries are in the proportion of 2:1. 

The method of Pictorial Statistics is credited by some to 
Dr. Otto Neurath, Director of Social and Economic Museum, 
Vienna, and is, therefore, also termed as Vienna Method or leolypo 





Mtttliod' a word formed by taking the initial letters of Interna¬ 
tional System of Typo-graphic Pictorial Education, (Isotype). ■ 
Table—9, Density of population per sq. mile. 



UNITED KINGDOM 






INDIA lee 


mif 


U. S. A. AS. 

Fig. 19. 

Pictograms are very useful in attacting attention as well as 
for showing comparisons, They are easily understood and create 
a more vivid as well as lasting impression on the mind than a 
table. People very often pass over tables but pictorial diagrams 
are rarely ignored even by disinterested readers. It must, 
however, be accepted that they are sometimes misleading and they 
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be mude^ use of whes n oompUcated data ia to tw 
tepreseeted. From the accuracy point of view their utility is much 
less and they add almost nothing to the existing tabular data* 

Mapgraphs* Cartograms and Statistical Maps are widely used 
to represent special distribution such as areas under different 
crops* popuiation-its density and classification, sales distributed 
over the different sales-territories. On the map of the territory in 
question the magnitude of the data is shown (a) by points* dots or 
crosses* (b) by writing the actual amounts or (3) by deepening the 
colour in proportion to the magnitude of the data or by using 
different colours or by cross-hatching and it is indicated by the key 
shown in one of the corners of the map. 

(a) Points or Dots On a map in the areas concerned 
points or dots (sometimes crosses also) are marked, their numbers 
depending upon the magnitude of the data. If in the three areas A* 
B and C with 600, 400 and 200 units are to be shown on a map 
it can be done by drawing three circles with 6, 4 and 2 dots 
in the respective areas of the map. 

The second method is of putting dots in these areas which 
will be of sizes proportionate to the data. The dot in area A will 
be three times in size of that of C area and the size of the dot in 
B area will be double in size of the dot in C area. In short, the 
sizes of the three dots will be in the ratio 3 t 2 :1. Yet, there is 
the third method in which all the dots are of the same size but 
shading is done in each case which will be in proportion to the 
magnitude of the data. The dot in area A will be completely 
shaded while the one in area C will be shaded only one third of its 
area. 


(h) Writing Numbers: —The easiest method is of writing 
the actual amount given in the data in the respective areas. This 
method is simple but less attractive. 

(c) Colouring or Cross-hatching: —Colour can be used 
to indicate the relative density. It can be made more and more 
deep to show higher and higher magnitude. This method is used in 
physical maps to show the depth of sea or heights of mountains, 
Instead of this* different colours are used to show different 



tna^ttu&s and this is shown in iha key, given in one <rf the 
nomers of the diagram. Instead of this, cross-hatching is also 
done to indicate densities. The higher the magnitude of the data 
the closer will be the lines of cross-hatching. 

Pin-maps —All the above methods are not convenient where 
the data goes on changing fast and yet the diagrams are required 
to be kept upto-date. In such cases Pin-maps are most suitable. 
In this, large scale maps are mounted on card board or cork and 
specially prepared pins with short shanks or legs and with round 
glass heads of different colours are struck on the map to indicate 
the required information. The index to the coloured heads of the 
pins is given on the map to facilitate the work of interpreting the 
data. 

Exercises. 

1. Describe the importance of diagrams in statistical work. 

2. Name the important types of diagrams and describe in detail 
the method to be followed in drawing any two of them. 

3. What precautions will have to be taken in drawing a good 
diagram ? What in your opinion, are the tests of a good 
diagram ? 

4* Differentiate between 

(a) line and bar diagrams, 
and (b) area and volume diagrams. 

5. Write short notes on :— 

Sub-divided bar diagram, polar diagram, angular diagram, 
Isotype method and pin-maps. 

6. What is the utility of area and volume diagrams in statistics ? 
Outline the method of constructing a volume diagram. 

7. Of all types of diagrams pictogranis are most useful. Support 
or criticise this statement with suitable illustrations. 

8. What mistakes are generally found in a diagram and how 
would you guard against them ? 
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9. Repraseot the following diagrammatically 

Export of bales of wool from Bombay to varions places. 



1937-38 

1938-39 

Liverpool 

16762 

24487 

Philadelphia 

4158 

4747 

Hill- 

1703 

1450 

Hamburg 

1048 

657 

London 

64i 

540 

(1940-Mar.) 


10» Show by diagrams the distribution of the Reserve Bank 


shares as given below : 



No. of Shares No. of shareholders 


in thousands. 

in hundreds. 


1937 

1938 

1937 

1938 

Bombay 

201 

206 

215 

208 

Calcutta 

125 

123 

145 

131 

Delhi 

94 

93 

157 

149 

Madras 

60 

5^^ 

91 

87 

Rangoon 

19 

18 

18 

16 

Represent the following diagrammatically 

:— 


Infant mortality in different towns. 



Bombay 

274 

London 

66 


Calcutta 

274 

Berlin 

82 


Madras 

251 

Paris 

93 


Nagpur 

323 

Oslo 

23 



12, Draw an angular diagram to show the following:— 

Industrial Workers in India. 

Men Women Children Total 

1914 746,773 144,157 60,043 950,973 

1936 140,0210 239,875 12,062 165,2147 

13. Illustrate the following by suitable diagrams ;— 

(a) Production of sugar in India. 

Year In 1000 tons 

1929-30 311 

1932-33 645 

1935-36 1087 







(6) Number.of motor cars imported from U. K. 

1927-28 3600 1933-34 5348 

1930-31 2885 1936-37 6337 

(c) Number of looms and spindles. 

Looms Spindles 
Bombay Island 66,753 28,89,509 

Ahmedabad 48,833 18,76,370 

Sholapur 6,678 ‘ 2,86,004 

14. Design a single diagram to exhibit the entire information 
given by the following statistics, so as to bring out how 
the causes of death are distinguishable in their intenisities 
and how they are also definitely associated with social 
status:— 


Cause of death 

Illegitimate I 
children { 

Poorest 

classes 

Unskilled i 
workers 

Artisans 

Well-to-do : 
classes 

t 

All classes- 

1 

Diarrhoea and Enteritis ... 

24 

17 

11 

( 

1 

7 1 1 

60 

Prematurity and atrophy . . 

56 

33 

32 

34 24 

179 

Bronchitis andPneumonia .. 

22 

.. . - 

25 

19 

11 4 

81 

All causes 

____! 

102 1 

__l 

75 

1 

62 1 

i 

52 29 

320 


(1939-Mar.) 


15. Show by means of circular diagrams the following 
information regarding the number of female scholars in 
recognised institutions in India ;— 

1930-31 1935-36 

In Arts Colleges 2,744 5,329 

In High Schools 85,879 1,23,949 

In Middle Schools 1,70,897 2,16,010 

In Primary Schools 19,81,549 25,05,077 
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Show by means of a three dimensional diagram the 
production of salt in India in 1935. 


Rs. 

Aden 19,81.299 

Bengal 1,079 

Bombay & Sind 3,102,656 


Rs, 

Burma 531,009 

Gwalior 4,725 

Madras 2,289,790 

Northern India 3,778,579 


17. Draw square diagrams to show the Indian population in 
1936 in the following countries :— 

Ceylon 659,311 Kenya 38,325 

Mauritius 268,211 Fiji Islands 85,002 

Transaal. 25,561 

18. Draw Bar diagrams to illustrate the following :— 

Number of motor vehicles in states in 1936. 

Hydrabad 3609 Travancore 1583 

Mysore 2687 Gwalior 1216 

Jaipur 776 

19. Show by means of a suitable diagram the following:— 

{a) Principal heads of Revenue of the Government of 
India in 1937-38. 

Rs. in lakhs Rs. in lakhs* 


Customs 4393 Taxes on income 1212 

Central Exercise Duties 774 Salt 835 

Corporation tax J 50 Opium 46 

Other heads 100 

(6) Expenditure in the year 1932-36 


Rs. in lakhs 


Rs. in lakhs 


319 Madras 32 

264 Karachi 64 

Chittagong 7 


Calcutta 

Bombay 
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20. Represent the following diagrammatically :— 

Table showing the number of workers in thousands 
occupied in some of the important industries of India. 


Industries 

1921 

1 

1931 

Textile 

4031 

4102 

Wood 

1581 

1632 

Metals and Ceramics. 

1811 

1738 

Food 

1653 

1478 

Dress and Toilet. 

3404 

3381 

Total ... 

i 

12480 

12331 


(1940-Oct) 

21. With the help of diagrams facts can be misrepresented. 
Discuss. 

22. How far the statistical representations of facts by 



diagrams is more 

advantageous than by giving 


statistical tables ? 



23- 

The following table 

gives the 

details of monthly 


expenditure of two 

families A 

and B. Show this by 


means of hundred per cent bars. 


Items of 

expenditure Family A 

F'amily B 


Income Rs. 500 p. m. 

Income Rs. 800 p. m. 

1. 

Food 

140 

240 

2. 

Clothing 

80 

160 

3. 

House Rent 

100 

120 

4! 

Education 

30 

80 

5. 

Fuel and Lighting 

40 

40 

6. 

Miscellaneous 

40 

80 





CHAPTER Vm 


GRAPHS 

Line diagrams comprise of two sub-groups; (1) those drawn 
with the help of straight lines and (2) those consisting of curve 
or broken lines. In the preceding chapter diagrams falling in 
the first sub-group have been discussed, reserving the discussion of 
the other group for a separate chapter, because of its wide applica¬ 
bility as well as of great importance attached to it in statistical 
studies. 

‘A curve is a line no part of which is straight* while a 
broken line is a combination of straight lines. Statistical ‘Curves’ 
are seldom real curves but more often broken lines. Curve charts 
or graphs may represent data of time series i.e. pertaining to 
course of events extending over successive periods of time or of 
frequency distribution showing a state of affairs existing at a 
given period of lime. Charts of the former type are called 
Historigrams while those of the other, Histogratm, Again 
graphs can be constructed on Natural Scale or on Logarithmic 
Scale^ 

Utility :—Graphs form a convenient medium for the sym¬ 
bolic expression oi numerical data and as such particularly to an 
untrained person a curve serves as a pictorial argument appeal¬ 
ing to reason through the eye far more than a statistical table, 
though it is likely to supply more detailed as well as accurate 
information. Generally, it is difficult for an ordinary person to 
remember figures from statistical tables to make comparisons, 
but this difficulty can be easily got over by presenting the data 
by curves which will make comparisons self-evident. It is not 
easy even for a doctor to grasp the trend of temperature of a patient, 
ailing for several days if it is recorded in a tabular form but 
when it is represented graphically even a layman will be able to 
mark the changes without much effort as well as loss of time, a 
factor of a very great importance for a busy man. With 
the help of a curve-chart forecasting becomes far simpler ^ the 
trend of the curve in the past is sure to give imder similar 
19-20 
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cmditions an indication fof the future. If sales figures of some 
years are graphically represented one can with reasonable accuracy 
estimate the figures for the future unless, in the mean time, 
circumstances have changed materially. For recording historical 
changes in different periods this is a suitable method and more 
so as it supplies basis for finding out by interpolation the missing 
value of a variable. Very often by looking to graphic representa¬ 
tion new ideas particularly regarding correlation or connection 
between two different factors or events arise in our mind and to 
research workers this gives considerable help. It is comparatively 
easier to construct a graph and it also facilitates the finding of 
mode, median and the quartilies. In the words of Boddington 
‘The wandering of a line is more powerful in its effect on the 
mind than a tabulated statement. It shows what is happening 
and what is likely to take placet jnst as quickly as the eye is 
capable of working". 

It must however, be noted that curve charts or graphs are 
not free from defects. The main difficulty is that graphs 
cannot be quoted as can be done in the case of numerical figures. 
They cannot also be used in cases where very great accuracy is 
demanded. Numbers can be entered in tables to any place of 
decimals and they can be read as such but from graphs this is 
not possible particularly when the graph is required to represent 
big numbers. The main defect in this method is the possibility 
of deliberate misrepresentation of facts. By taking varying 
scales for drawing a graph, figures obtained are apt to present 
different pictures. With the change of a scale the curve can be 
made to appear more flat or more steep and particularly a layman 
is bound to carry a wrong impression. In spite of all this, Graphic 
statistics do play a role of its own. They cannot altogether 
displace numerical statistics but the utility of the data will 
certainly be increased by this method of representation. 

Construction: —Usually a graph is drawn on a specially 
ruled paper with faint vertical and horizontal lines—known 
as co-ordinate axis—intersecting at right angles. The point of 
intersection is calM the origin and is shown by zero point 
The horizontal line is called the x-axis or the axis of 
abscissa while the vertical line is designated as the y-aa^is the 





U7 

axis of the ordioate. The position of any point is fixed by measnr* 
in^ its distance from the axis of X and that of Y* Distances 
measured upwards of the Y-axis from the origin are positive 
while those downwards are negative. Similarly, distances on 
the right side from the origin on the X-axis are possitive and those 
on the left side are negative. 

This system of graphics in statistics is said to have been 
introduced by William Playfair of Scotland who published his 
Atlas of Charts in 1786 but at preseat it is far more in use in 
U. S. A. than in England or Scotland. A number of associations 
led by the American Society of Mechanical Engineers appointed 
a joint committee in 1915 to consider Standards of graphic 
presentation after the First Great War, but it was superseded in 
1926 by the Sectional committee with Mr. Willard C. Brinton as 
the Chairman. The committee made suggestions, the more 
important of which, are incorporated in the important rules given 
below. 

T The general arrangement of a diagram should always 
proceed from the left to right and the ordinate and the abscissa 
should be constructed to read from bottom to top and from left 
to right respectively. The Lorenz curve is an exception to 
this rule. 

2. As far as possible, quantities should be represented by 
lineal magnitudes as areas or volumes are likely to be misinter¬ 
preted. 

3. It is always convenient to have the data side by side 
as it will be of help for more accurate and detailed study. 

4. The scale chosen should be such as will conveniently 
include all the observations without making the curve appear 
too steep or too flat This will no doubt depend largely upon 
the space available as well as on the extent of the magnitude of the 
data. Equal distances anywhere on the horizontal or vertical 
scale must represent equal values but the same scale need not in 
special cases be taken in both the cases. 

5. The zero line of the scale should be sharply distinguished 
from other co>ordinate lines and that of the vertical scale should 
normally appear in the curve diagram. If this is impractiod^lc 
this zero line should be indicated by a horizontal break by means 
of a false base line as shown in figure 
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6. Wh<fen the scale of a di^am refers to dates or years 
^is independent variable should be plotted on the axis of x while 
the dependent variaahle should be on the verticle axis. 

7. In curves representing a series of observations, points 
should be sharply distinguished from the ruling and wherever 
possible it is advisable to show clearly in the diagram all the 
points representing the different observations. 

8. Figures showing the scale taken for the diagram should 
be written on the left hand of the vertical scale and at the bottom 
of the horizontal scale. 

9. All lettering and all figures in the diagram should be so 
placed as can be read easily from the base at the bottom or from 
the right-hand edge of the diagram. 

10. The title of a diagram should be as clear and 
complete as possible. Sub-titles or description should be added 
if necessary to ensure clearness. 

11. When it is required to draw different curves in the same 
diagram it is necessary to differentiate them by (a) different 
coloured lines, (b) lines differently characterised e. g. thick, thin, 
dotted, crossed, continuous, broken or (c) simple curves with 
caption or designation showing the nature of the data repre* 
sen ted. In the first two cases it is necessary to give the ‘Key’ 
or ‘Legend’ on the chart to distinguish the curves. 

12. If curves are drawn to show comparison»the same scale 
must be taken in all the cases to effect proper comparison. The 
other way of making a comparison is to use transparent paper for 
drawing the curve and then placing this drawing on the first 
diagram. 

13. Where curves are drawn on logarithmic co-ordinates the 
limiting lines of the diagram should each be at some power of 
ten on the logarithmic scale. 

False Base Line. ;—If fluctuations are relatively small to 
the size of the variables they cannot be given prominence unless 
the vertical scale is sufficiently amplified. But in this case if the 
scale is to be shown right from zero line of the ordinate the height 
will bift too long to be conveniently accommodated in the diagram. 
This difficulty cap be easily got over by not showing the verticf^l 



tine completely. As the fluctuation will be limited to a narrow 
range a large part of the ordinate at the bottom will be without 
plotted points and so this part can be easily left out without any 
inconvenience. As it is necessary to show that there has been 
a break in the continuous vertical scale beginning from aero it 
is done by a double saw-tooth line as shown in (Fig. 1.) False base 
line should not be normally used as such a diagram is likely to 
create a wrong impression. Some make use of this device to 
save space and to effect paper economy but this is not a good 
practice as this will result in making the fluctuations look more 
than they really exist 


Table 1.— Index Number of wholesale prices.*^ 

Average of 
weeks 

^ Agricultural 

, commodities. 

1 Industrial raw 

1 material. 

1946 



March 

295,7 

: 283.5 

April 

294.3 

282.2 

May 

299.3 

1 288.9 

1 

June 

302.8 

: 299.7 

July 

’ 303.8 

1 

296.1 

August 

j 303.5 

297.0 

September 

1 ! 

1 302.2 

297.9 

October f 

321.7 

303.5 

November 

336.0 

354.0 

December ^ 

326.0 1 

1 

348.5 

1947 

j 


January 

1 

314.6 1 

343.3 

1 

February 

324.8 

352.1 




•^Reserve Bank of India Bulletin'-June, 1947, 
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Fig. I. 

From the foregoing diagram showing the two curves with 
captions, 'Industrial Raw Material,’ and ‘Agricultural Commodi¬ 
ties* it will be seen that the vertical scale is not continuous but 
broken^ By this device of false line it has become possible to 
represent the relatively small fluctuations in a significant manner. 
This has been achieved by dropping some portion of the 
veitical scale as there are no plotted points upto 280 . 
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*to avoid possibility of a wrong kn^ressio]! a falsa baso lind baa 
baen shown in the vertical scale. 

Frequency Distribution Graphs 

Graphs are drawn to represent frequency distribution as well 
as time series showing continuous changes in statistical data over 
a period of time. Frequency distribution can be presented in a 
tabular form as shown in the table giving weights of hundred 
persons but if the same data is represented graphically, sizes of 
the number can be more readily and easily seen. 


Table 2— Weights of 100 persons 


i 

Weights. j 

No. of workers 
f 

Cum. frequency 
cf. 

100 no 

8 

8 

no - 120 

n 

19 

120 -- 130 

12 

31 

130 — 140 

17 

48 

140 — 150 

19 

67 

150 — 160 

10 

77 

160 — 170 

8 

85 

170 — 180 

7 

92 

180 ~ 190 

5 

97 

190 — 200 

3 

100 


100 
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Fig. 2. Histogram and Frequency Polygon. 

For this type of graphic representation the vertical scale is 
used for representating frequencies of the various classes the rnag* 
nitudes of which are shown on the horizontal scale. After 
choosing convenient scales for the horizontal and vertical lines, 
points are plotted taking the points of the frequency and the 
magnitude i. e. mid-point in each case. The reason for taking 
the mid-point is that as the number of observations for the 
particular class is likely to fall somewhere within the two 
limits of that class it is in htness of things to take the average 
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i d. almost the mid-point in the absoticd of tho ^y^tual informal 
tion« In frequency diagrams it is not necessary to show aero 
position if it is not convenient to do so. 

When the points are plotted the figure is drawn in one of 
the following ways:— 

(1) By means of a rectangular diagram* called Histogram ; 

(2) By means of a Frequency Polygon^ or 

(3) By means of a Frequency Curve, 

Histogram :—Histogram, Block diagram, also called Stair¬ 
case diagram is formed by drawing rectangles on the horizontal 
line one over each class-interval as shown by the bold lines in 
Fig, 2, The area of each rectangle is equal to the frequency of 
that class on which it is drawn while the total area covered 
equals the total frequency units. The heights of the various 
rectangles will easily give a better and accurate impression to 
the eye’^ of the distribution of the frequencies of the different 
classes that can be obtained only by scanning the table. With 
the help of the histogram the frequency curve can be drawn with 
greater ease than can be done with the help of a frequency 
polygon and it is particularly convenient for representing 
unequal group intervals. The main defect of this diagram is 
that if the class-intervals are changed the figure formed will be 
different. This defect can be remedied by drawing a frequency 
polygon or a curve instead of a histogram. Sometimes the avail¬ 
able data is found to have classes of unequal intervals but it can 
be represented by constructing histogram in the usual manner 
without much difficulty. 

Frequency Polygon ;—This figure is formed by joining the 
plotted points by straight lines as shown in Fig. 2. and its area 
is approximately the same as that of the rectangles in the case 
of a histogram. However, the question of the area is not given 
prominence in this type but it is very useful for locating the 
mode. This type of a diagram can be easily understood even by 
a layman and more than one polygon can be easily drawn in the 
same diagram which is not quite convenient in the case of a 
histogram. But the main defect of the frequency polygon is that 





Hi 

it shows somewhat sadden changes and a picture of uniform and 
ragular variatioa in the magnitude is not obtained This is 
possible in the case of a Frequency Curve. 


Frequency Curve: —This curve is obtained by smoothing 
out of the minor irregularities of a frequency polygon bearing 
in mind that the area enclosed should represent as far as 
possible the total amount of frequencies in the entire distribution. 
The best and easy method is first to construct a histogram and 
a frequency polygon and then to draw with free hand a smoothed 
curve touching the horizontal line and then passing slightly 
over the apex of the polygon and again touching the base 
line thus forming more or less a bell-shaped figure. This is also 
called Normal Frequency Curve or the Normal Curve of Error. 
As the curve in the course of construction undergoes smoothing 
by rounding of angles it is also known as Histogram 

or a ^Smoothed Frequency Curve* 


Cumulative Frequency Curve:— This curve is obtained by 
plotting the cumulative frequency instead of the simple frequency. 
It runs more regularly than the ordinary frequency curve without 
being affected by variations in group intervals and is particularly 
useful for finding out median, quartiles, deciles as well as 
percentiles. The mode can also be located on this ogive by finding 
the steepest part of the curve. But this is not as easy as locating 
a median. This curve is also smoothed out if necessary. As 
it assumes the form of an arch it is called ‘Ogive* or ‘Ogee*. 


It will be noticed from Fig. 3 that the curve has been 
drawn by plotting the points by taking the cumulative 
frequency as given in the last column of table No. 2. The point to 
be particularly noted in laying out an ogive is that in the case 
of a cumulative frequency curve the plotting is to be done at the 
uppermost limit of the class interval and not on the mid-point 
as is done in case of a frequency polygon. 
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Fig* 3* "More than^ and less than' curves. 

‘More than’ ‘Less than* diagrams:—These are the 
different forms of cumulative frequency graphs and they can bo 
obtained by arranging the cumulative frequency tables to suit 
the particular case as will be seen from tables nos. 3 and 4 as 
obtained by arranging the matter in table no. 2 giving simple 
frequencies of weights of 100 persons. 




Table 3.— Cumtilatiir* freqaencf tai»t« 'More than* 


Weight in Ik 

Number of persons 

More than or above 

1 

190 

3 

183 

8 

170 

, 15 

160 

1 -^3 

150 

1 

140 

1 52 

130 

1 69 

120 

81 

no 

92 

100 

100 

Table 4. —Cumulative frequency table— ‘Less than' 

Weight in lb, , 

T- 

1 No. of persons 

Less than or under 

1 

1 

110 

S 

120 

19 

130 i 

31 

140 

48 

150 

67 

160 

77 

170 j 

85 

180 

92 

190 

97 

120 j 

100 
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It wiU be seen from the two lubles that the <data given m 
table no. 2 has been re-arranged to obtain the two tables from 
which ‘More than* and ‘Less than’ curves are drawn as shown in 
Fig. 3. If from the point of intersection of these two curves 
a perpendicular is dropped to the base the median value can be 
ascertained by measuring the length of the axis of X from the 
point of origin to the foot of the perpendicular. Sometimes 
instead of plotting the numbers of cumulative frequency the 
whole data is turned into percentage to the total and it is then 
plotted as this affords better facility for making comparisons. 

Time Series Graphs 

‘Time Series* also called‘Historial Series* gives the numeri- 
cal record of changes of the variable in a particular period 
taken at successive intervals of time. The graph obtained by 
plotting the historical data is called ‘Historigram* and it should 
not be confused with ‘Histogram’ which is obtained by drawing 
rectangles in the case of a frequency diagram as shown in fig. 2. 

In the case of historigrams the horizontal scale is used to 
indicate intervals of time while the vertical scale is for measuring 
the strength or magnitude of the phenomena occuring in the 
different times of the period. Great care is necessary in choosing 
scales both vertical as well as horizontal to guard against exaggerat 
ing the features of the data by making the curve appear too 
steep or too flat. Sometimes it is necessary to draw the graph of 
a series of component parts as shown in Fig. 12 by band curves. 
In this case the scale taken should be such as will show the 
component parts distinctly and the different parts can further be 
distinguished by different colours or shadings. 

Time series graphs are drawn to study the changes over a 
period of time of (1) a single variable or of (2) two or more 
variables. 7'hese changes can be studied by means of (al 
Absolute historigrams which are obtained by representing the 
series as it is or (b) by means of Index Historigrams which are 
pjttained by calculating the Index numbers of each series on the 
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basis of figores of tho yOar or the average of the figures a graph 
of years chosen as tho base. In the case of absolute historigrams 
of two or more variables different scales are required to be taken 
in cases where it is not possible to work with one scale. In 
such cases great care and caution is necessary in choosing the 
different scales. The easier method in such a case is to resort to 
Index historigrams to avoid any complication. This will show 
proportionate changes in each case. 

The following example will illustrate the graphical 
representation of one or more variables in both the forms. 

Table 5. 

Total Deposits of Exchange Banks secured in India. 


Year ^ 

1 

Rs (crores). ^ 

i 

Index n 

i 

1931 

67.5 

lOO 

1932 j 

73.1 

108 

1933 ! 

1 

70.8 

105 

1934 

71.3 

106 

1935 1 

i 

76.2 

113 

1936 1 

75.2 

111 

j 

1937 

73.2 

108 

1938 

67.2 

100 

1939 

74.2 

110 

1940 

85.3 

126 

1941 

106.7 

158 

1942 

116.9 

1 173 

i 


Total depoait of Exdumga Baok4 
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Table-^6. Prodiictidii and export of Indian coffee 

(in thousands of cwts.) 



Production 

Export 

Years. 

j Cwts. 

j Index Nos. 

Cwts. 

j Index nos. 

1 

2 1 

J 

4_ 

1 _ ^5___ 

1928 

! 

318 

100 

i 

262 

1 100 

1 

1929 

1 248 

78 

138 

1 

53 

! 

1930 

I 352 

111 

279 

j 106 

1931 

, 294 

! 

92 

208 

79 

1 

1932 

300 

94 

162 

! 62 

1933 1 

1 

295 

92 

169 

1 65 

1 

1934 

309 

* 97 1 

: ! 

187 

1 

71 

1935 

293 

92 

148 

' 56 

1936 

368 

116 

230 1 

1 90 

! 

1937 

304 

90 1 

162 

1 62 

1938 

299 j 

94 

146 

5b 

1939 

358 ! 

il3 

f 

i 

207 

1 

79 


In Fig. 5. graphs of absolute as well as of index numbers 
have been shown by different curves by taking different scales. 
In case of absolute historigrams correct idea of the proportionate 
rise and fall cannot be obtained which is easy to have from the 
Index number historigrams. This can be made further easy by 
drawing Logarithmic or Ratio-scale graphs. 

Logarithmic Or Ratio-Scale Graphs 

Ip the construction o/ Natural or Ordinary Scal$ graphs 
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distance, represent equal absolute movements but for 
sludging the relative movement Logarithmic or Batio*Scals 
graphs are far more suitable, as therein, equal distances represent 
equal proportionate movements and not equal absolute move¬ 
ments as is done in the case of Natural scale graph as will be 
seen from Fig. 5. In this, the rise or fall of production is to be 
seen from the basic figure of 318, while that in the case of export 
it is to be compared with the basic figure of 262. However, the 
vertical distance of rise or fall are measured by the same units 
and so no proper indication of relative changes can be obtained. 

A Ratio-Scale or Logarithmic graph can be drawn in one 
of the two ways;— 

(1) The logarithms of the variables are obtained from 
Logarithmic tables {vide Table no. 7) and they are then plotted 
on ^ natural scale graph paper as shown in Fig. 7. This method is 
quite simple in the case of persons who understand logarithms, but 
tO' an average person this is not easy and so the other method of 
plotting the variables on the semi-logarithmic graph paper will 
be more suitable. 

(2) In the second method, the variables are not converted 
into logarithms but they are plotted not on the ordinary graph 
paper but on a ratio-scale ruled paper, (Fig. 8) in which vertical 
distances are marked on a logarithmic scale. This chart is 
known as ‘Logarithmic Chart’ though the correct designation is 
‘Semi-logarithmic chart’ for the simple reason that the ratio-scale 
ruling is done only vertically and not horizontally as well. 
If the logarithmic ruling is done vertically and horizontally then 
only it can be really called ‘Logarithmic’. In practice, however, 
it is customary to name the latter type ‘Double Logarithmic’ 
and the former as ‘Logarithmic*. 





Table 7,~Iii<Iiao catton crep. 



Estimated yield in 

Estimatod value 

Years. 

thousands of bales. 

(in laklis.) 

bales. 

log. 

Rs. 

log. 

1 

2 

3 

4 

5 

1934-35 

4857 

3.6863 

5158 

3.7125 

1935-36 

5867 

3.7684 

6357 

3.8033 

1936-37 

6234 

3.7948 

696 J 

3.8427 

1937-38 

5722 

3.7576 

! 4360 

3.6395 

1938-39 

5051 

3.7034 

4331 

3.6366 

1939-40 

4909 

3.6910 

5407 

3.7330 

1940-41 

6080 

3.7839 

4906 

3.6907 

1941-42 

6223 

3.7940 

4975 

3.6968 

1942-43 

4702 

3.6723 

6700 

3.8261 


In Fig. 6, curves representing the estimated yield in bales and 
in money value have been drawn but the same data has been 
shown in Fig. 7, by curves based on logarithms of the same figures 
while in the third diagram, Fig. 8, curves have been drawn on a 
semi-logarithmic paper. In the first figure, equal distances are 
representing equal absolute movements, while in the last one they 
show proportionate movements which is a matter of vital impor¬ 
tance for making comparisons. 

Advantages and Di8advantages:~-In the Ratio^Scale 
graph, as explainedalready,equal vertical distances represent equal 
proportionational changes and so for comparing the-rise or fall in the 
case of two or more curves, this method is found to be very useful. 
In the natural scale graph, if the incomes of two persons getting 
Rs. 200 and Rs. 400 respectively rise by Rs. 100 in each case, the 
curves will show equal rise in both the cases. In fact, in the first 
case the rise is 50% while in the other, it is much less^ being qply 














Fig. 7.—Indian cotton crop. 
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25 % This can be easily distinguished by the ^ use of i!Utic»* 
scale graph. 

Ifthe yariables show a gr^t range of variation in the cas^ 
of Natural Scale Graph, the ordinate of Y will have to be 
considerably lengthened, which is usually not feasible on the 
normal size of the paper. If this is not possible, the value in units 
per division of the scale will have to be increasedi but this will 
mean that the rise and fall of the curve will be noticed with diffi¬ 
culty. In the ratio-scale chart, this difficulty will not arise, as 
equal distances will rise in equal proportion, as will be seen from 
the scale in Fig. 8. This will result in economy of space, besides 
being able to show a wide range of variation in the variables. 

As the same vertical difference always shows the same 
percentage variation, diagrams can be drawn anywhere on the 
chart and thus shifting of the scale is easy. 

On the logarithmic scale chart, constant rate of increase or 
decrease can be easily noticed and this property is of great use 
in extrapolation, particularly in the business life where forecasts 
have to be made on the assumption that the rise or fall will be at 
the same rate. 

In ratio-scale chart, both the absolute values as well as 
proportionate changes can be easily marked. The proportionate 
change will be visually seen, while the absolute values can be 
ascertained by referring to the scale of the ordinate. For com¬ 
paring two series of very small and very large quantities, this 
scale chart is very convenient, as both the curves can be easily 
represented. 

In the ratio-scale, however, negative quantity cannot be 
represented which is so easy to do in the case of a natural 
scale graph. Again, there is no zero line in this and the 
comparisons of absolute sizes are not possible. 

Comparison of the two types of graphs .—If we were to 
compare the Arithmetic or Natural scale graph with the Logari¬ 
thmic or Ratio-scale graph, it will be seen that in the former 
chart, zero as well as negative values can be shown, which is not 







fMiibl# in tiie latten I 31 the case of variables having wi4e raasge 
of valo^, the ratio-scale graph is far more suitable than tha 
Ol|>er» If the aggregates as well as the , constituents are to be 
j|^Owo> the ratio-scale is not convenient but in thisi the curve can 
lie drawn at any point without affecting the properties, which is 
not possible in the case of the natural scale graph. The chief 
point of difference is that in the natural scale, equal vertical 
distance will represent equal absolute distance, while in the other, 
it will show equal proportionate change. 

The ratio-scale graph in spite of some of the advantages in 
its favour, does not usually appeal to an average reader which 
may be probably due to his lack of familiarity with logarithms, 

Other types of statistical charts We have so far dis¬ 
cussed the construction of the various graphic charts pertaining to 
the frequency and time series as well as the ratio-scale charts. 
We shall now describe other types of less importance not dis¬ 
cussed so far. 

Gallon's graphic method of locating median :—As 

already pointed out in the chapter on ‘Averages’ median can 
be located by the graphic method as suggested by Galton- On 
the horizontal line, c^ass intervals are marked and the vertical 
line is used for marking the frequency. It is more convenient 
if the observations are not grouped into classes. If there are 
more observations for a particular class, more dots are put in 
the vertical line as shown in Fig. 9. It should be carefully 
noted that at the time of plotting the points, every preceding 
measurement is taken as the base for the succeeding one. 

After all the points are plotted, a curve is drawn connecting 
pvevy set of successive dots on the vertical line. If there is only 
one dott the curve will be made to pass through it If there are 





two or more dots bat eoirilMag ovea numboT) the carve will 
be drawn passing mid-way between the two middle dots. Where the 
dots are odd in nambw, the line is drawn throi%h the central dcA 
After the continuous curve is drawn, a horizontal line parallel 
to the base will be drawn first from the middle of the vertical 
line measured from the base to the last point in the scale. A 
perpendicular will then be drawn to the base from the point whwre 
the curve is intersected by the parallel line. The distance from 
the origin to the foot of this perpendicular measured on the base 
line will give the value of the median. 


Table 8 —ci 35 students in a school. 


Roll no. 

Age 

i Roll no. 

Age 

Roll no. 

Age 

1 

7 

1 

13 

12 

25 

15 

2 

8 

14 

12 

26 

15 

3 

8 1 

15 

12 

27 

15 

4 

9 

16 

12 

28 

i 

1 

5 

9 , 

17 

13 

29 

16 

6 

9 

18 

13 

30 

16 

7 

10 

19 

1 

13 

31 

17 

8 

11 

20 

13 

32 

17 

9 

11 

21 

13 

33 

18 

10 

11 

22 

14 

34 

18 

11 

12 

23 

15 

35 

19 

12 

12 

24 

15 
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The Zee Chart or *Z* chart is a multiple curve chart and 
is so called because it consists of three curves resembling 
the letter ‘Z*. These three curves are (1) the curve of the original 
data, (2) the cumulative curve and (3) the moving total curve. 
Different scales will have to be taken to suit the plotting of the 
variables to suit the size of the diagram. On the top will be the 
curve of the moving total while the curve of the original data 
will be at the bottom and the cumulative curve will connect the 
two to form the letter as shown in Fig. 10- 



Table 9.— Sales {in thousands of rupees). 
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Fig. fO. Zee chart 


Zone curve: —A zone curve is obtained by plotting curves 
for the minima and the maxima and then filling in the intervening 
space between the two curves with shading or vertical lines. 
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Table 10.—Prices of silver ill the Bontbey Market 


Year 

Highest 

Rs. 

Lowest 

Rs. 

1932-33 

1 60—* 0~“0 

48-14-0 

1933-34 

59-14-0 

52-15-0 

1934-35 

69- 0-0 

50- 7-0 

1935-36 

87- 0-0 

46-12-0 

1936-37 

56- 2-0 

47- 0-0 

1937-38 

55-15-6 1 

46- 1-6 

1938-39 

53- 1-0 

48- 2-0 

1939-40 

66 - 4-0 

44- 7-0 

1940-41 

64-13-0 

62-11-0 


Prices of silver. 



Fig. 11. Zone curve. 

Band or Belt curve:-^In the band or belt curve chart, 
the component parts of the whole are plotted one above the other 
and the different bands or belts are distinguished by different 
shadings or colours. 
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Table<«^U. InifHirts of pfitieipi^l comm^ditids in India* 



1938-39 

1939-40 

|l940-41 

1941-42 

1942-43 

L Food, drink etc. 

24.0 

! 

35.3 

1 

! 

23.8 

27.9 

7.6 

11. Raw materials etc. 

33.2 

36.1 

42.1 

50.0 

52.0 

m. Articles-mainly 

manufactured, j 

92.8 

91.8 

1 

1 

89.5 

1 

93.5 

49.5 

IV. Miscellaneous. 

2.4 

2.1 

1.6 

1.7 

1.3 


152.4 

165.3 

157.0 

1 

j 173.1 

1 110.4 


175 


150 


125 


100 


75 


50 


25 
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If so dosii^f tise data can be shown in percentage foifm, but 
in that case, the whole chart thrill represent only 100 and the 
percentages of the component parts will have to be taken. 

^Surface^ and ^Strata" charts:— When the space below 
the curve is hlled in with some kind of colour or shading, the 
presentation is often called a ‘Surface chart’ and if this chart is 
further sub-divided into layers or strata in proportion to its 
components it is known as a ‘ Strata chart It is in fact the band 
curve chart as shown in the above figure. 

The Lorenz curve: —It is a cumulative frequency curve 
designed to show the deviations in the distribution and so its 
construction has been explained in the chapter on ‘Dispersion.* 

Exercises* 

1. ‘ The wandering of a line is more powerful in its effect 
on the mind than a tabulated statement* Discuss ibis 
statement by giving suitable examples. 

2. Give the important rules to be followed in constructing 
a suitable graph. 

3. Differentiate between 

[a) a histogram and a frequency polygon, and 

(b) a histogram and a historigram. 

4. Outline the method of drawing a smoothed frequency 
curve. 

5. How are the changes over a period of time to be 
studied graphically ? 

6 . What is a ratio-scale graph ? State how it differs from 
the natural scale graph and discuss the merits and 
demerits of each type. 

7. Outline the procedure for constructing a logarithmic 
curve. 

8 . Is it possible to construct a logarithmic curve without 
ratio-scale ruled graph paper ? If so, hoW can it b© done ? 

9. Write short notes on:— 

Independent variable, False base line, Logarithmic 
chart, Zee-chart an&d Batod curve. 

10. How will you locate a mediafi by means of Galton’s 
gmph ? Illustrate your answer by an example. 
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12. Represent the following graphically:— 

Export of Indian raw cotton in thousands of tons 


Total exports 

Exports to Japan 

1926-27 

569 

221 

1927-28 

479 

287 

1928-29 

663 

293 

1929-30 

727 

329 

1930-31 

701 

301 

1931-32 

423 

193 

1932-33 

365 

194 

1933-34 

504 

197 

1934-35 

623 

367 

1935-36 

606 

314 


(1940-Mar.) 


13. The following table gives the age distribution of widowed 


females 

in India. Draw 

a graph showing the number of 

widows 

younger than any 

given age and from the graph 

find the 

median of widow - 

: — 


Age group 

Widows 
(in ’000) 

Age group 

Widows 
(in ’000) 

0-5 

31 

40-45 

3081 

5-10 

105 

45-50 

3399 

10-15 

185 

50-55 

3110 

15-20 

533 

55-60 

2.99 

20-25 

877 

60-65 

2487 

25-30 

1580 

65-70 

1257 

30-35 

2000 

70 and over 

1958 

35-40 

2848 


<1944-Mar.) 

23-24 
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14* The following table gives the proportion of married 
women in 1910 and in 1920 from women of every age. 
Show graphically that the increase was most marked 
for the women of younger years* 


Percentage of married women 


Age 

1910 

1920 


18 

17,0 

19.2 


20 

36.2 

38.4 


22 

50.7 

52.9 


24 

62.0 

64.2 


25 

65.7 

67.8 




(1941-Oct.) 

The following table gives the manufacture of gunny 
bags in the millions. Represent this data graphically 
on natural as well as logarithmic Scales. 

1919-20 

343 

1928-29 

498 

1920-21 

534 

1929-30 

522 

1921-22 

387 

1930-31 

434 

1922-23 

344 

1931-32 

389 

1923-24 

414 

1932-33 

415 

1924-25 

425 

1933-34 

402 

1925-26 

425 

1934-35 

423 

1926-27 

449 

1935-36 

459 

1927-28 

463 
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16. The following table gives index numbers sieoe 1925 for 
Calcutta* Bombay and Karachi ( Base July 1914=100.) 
Show these by means of a suitable graph. 


Year 

Calcutta 

Bombay 

Karachi 

1925 

159 

163 

151 

1926 

148 

149 

140 

1927 

148 

147 

137 

1928 

145 

146 

137 

1929 

141 

145 

133 

1930 

116 

126 

108 

1931 

96 

109 

95 

1932 

91 

109 

99 

1933 

87 

98 

97 

1934 

89 

95 

96 

1935 

91 

99 

99 

1936 

91 

96 

102 

1937 

102 

106 

108 


17. The following table shows the number of persons assessed 
to income-tax in a province of British India, classified 
according to grades of income. Find graphically the 
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miotm levttl roachad 30 p«: cent and 9S {ler cent of all persom 
•aiissad to incomertax. 


Grades of income 

Number 

Grades of income 

Number 

Rs. 1:00 to 1499 

3,015 

Rs. 12500 to 14999 

151 

„ 1500 „ 1999 

2,185 

„ 15000 „ 19999 

144 

„ 2000 „ 2499 

1,034 

„ 20000 .. 24999 

49 

2500 2999 

498 

„ 25000 „ 29999 

31 

„ 3000 „ 3499 

376 

„ 30000 „ 39999 

25 

„ 3500 „ 4999 

791 

1 „ 40000 „ 49999 

7 

„ 5000 „ 7499 

786 

„ 50000 „ 99999 

5 

„ 7500 „ 9999 

408 


9,727 

„ 10,000 „ 12499 

222 




(1941 Mar.) 
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18. I9ta.w a^gmpli td odmpare tibe mtniSMtis oltiiaqiw 
ckared atmually in thred commeirdaii Mim as^dlown 
in the following table: 


( In crores of rupees) 


Years 

Calcutta 

Bombay 

Madras 

1927 

1024 

328 

56 

1928 

1088 

543 

65 

1929 

998 

800 

59 

1930 

893 

712 

52 

1931 

756 

640 

45 

1932 

747 

646 

47 

1933 

824 

646 

52 

1934 

864 

683 

58 

1935 

939 

750 

63 

1936 

899 

721 

84 

1937 

993 

837 

109 

Represent graphically the exports and imports of India 

from the 

following table on the Natural as well as on 

the Ratio Scale. 




In crores of rupees 



Exports 

ImpCH-ts 


1927-28 

319 

250 


1928-29 

339 

263 


1929-30 

345 

258 


1930-31 

308 

206 


1931-32 

263 

176 


1932-33 

239 

203 


1933-34 

275 

182 


1934-35 

280 

210 


1935-36 

282 

216 


1936-37 

343 

199 








a). 

Draw a graph to compare 
following Index Numbers and 

the motrem<mts in 
comment: 

Month 

Economic 
Adviser’s 
Index of 

Wholesale Prices 

Bombay City 
Cost of Living 
Index 

Sept 

1939 

113 

106 

March 

1940 

128 

110 

Sept 

1940 

111 

112 

March 

1941 

119 

119 

Sept 

1941 

142 

129 

March 

1942 

146 

137 

Sept. 

1942 

167 

170 

March 

1943 

220 

208 

Sept 

1943 

236 

245 

March 

1944 

232 

216 

Sept 

1944 

242 

, 239 

March 

1945 

248 

225 


{1946-Mar.) 
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CHAPTER IX 

HISTORICAL OR TIME SERIES 


A statistical series is an orderly set of numerical items 
expressing relationship between two variables and the one 
having a numerical record of changes for a variable during a 
number of successive intervals of time is known as a Time or 
Historical Series, The graph obtained by plotting such a series 
is called ‘ Historigram*, the v^irious types of which have been 
already described in the chapter on 'Graphs’. 


Of late, Time series are attaining considerable importance 
particularly in economic and commercial matters. One of the 
major problems in the modern business life is that of estimating 
the nature of future changes. As usually these changes are not 
very irregular, but are ordinarly based on somewhat regular 
movements such as evolutionary, periodic and cyclic, it becomes 
necessary to analyse the data over a period of time with a view 
to obtaining some clue to the future movements. This is achieved 
by a careful and analytical study of historical series which is 
mainly the purpose of having a separate chapter on^this topic. 


There are two types of Historical or Time series. Simple 
Historical Series are those in which amounts or frequencies 
relate to instants or intervals of time while in Cumulated 
Historical Series amounts or frequencies are added at successive 
instants or intervals of time. If sales of a shop for January, 
February, March and April are Rs. 8,700, Rs. 9,300, Rs. 10,200 
and Rs. 9900 respectively, they will constitute a simple historical 
series of the sales of that shop. In cumulated historical series the 
amounts will not relate to instants or intervals of time but to 
their totals at successive intervals and so the series formed in 
this case will be as under :— 


Cumulated historical series of sales 


January 
February 
March 
April _ 


(8700+9300 ) 

( 8700+9300 + 10200 ) 
(8700+9300+102QQ+99QQ) 


Rs. 

Rs. 

Rs. 

Rs. 


8700 

18000 

28200 

38100 



m 


Staiisiics 


However, it is not possible to. form such^ cumulated 
historical series in all cases. For instance, there can be a 
cumulated series of rainfall but not of temperatures or of market 
rales. It will be simply absurd to add temparatures of the various 
months and to form a series as this will serve no useful purpose. 

Classification :—From a tabular representation it is diffi¬ 
cult to discover the various trends that exist in most of the time 
series. But if represented graphically they often exhibit more or 
less regular fluctuations at intervals and appear to follow some 
direction or trend. Such tendency is particularly visible in 
economic and commercial data regarding sales, prices, interest and 
bank rates> unemployment etc. No doubt, these movements or 
fluctuations are usually the result of a combination of various 
influences such as evolutionary, cyclical, seasonal and the like, 
It is very rare to find a time series influenced by a single element 
oUly and due to this complexity it is difficult to assess accurately 
influences exerted by different elements involved therein. 
Broadly speaking, these movements can be grouped into the 
following four important types, one or more of which are respon¬ 
sible for movements of time series. 

1. Basic or Long-time Trend 

2. Undulatory or Cyclical Movement 

3. Periodic or Seasonal Variation 

4. Irregular Fluctuations 

(1) Basic or Long-time Trend :—There is a general ten¬ 
dency in nature of things to gradually increase or decrease over a 
period of several years. For instance, business concerns or fac- 
tbries normally expand gradually in the beginning in spite of 
tcinaporary adversesr. Population as well as production normally 
shows growth. Equally, in some cases like average length of life, 
rainfall etc. gradual decline is also visible. This underlying persis¬ 
tent tendency to grow or to decline over a period of years is known 
as Basic or Longtime Trend, It is also called Primary Move¬ 
ment, Trend, Secular Trend or Evolutionary Trend, All basic 
trends are not of the same nature and do not all the while work in 
the same direction. In one period this trend may be influenced by 
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the growth-factor while in the other the decline factor might set in. 
As said already, this upward or downward tendency can scarcely 
be the only factor influencing the time series, though it is e<iually 
true that this is the only factor that will persist in its influence 
for a considerably long period. 

(2) Undulatory or Cyclical Movements :—It has been 
observed mainly in economic and commercial data that in addition 
to the secular trend a fairly regular upward and downward 
tendency is visible at intervals ranging normally from seven to 
eleven years. This period is evidently much less than the one 
covered by secular trend but is at the same time far longer than 
that of seasonal variations. This cyclical movement lacks in 
regular periodicity, but moves sporadically in response to causes 
which develop intermittently out of complex combinations of 
economic and other circumstances. If the data is represented 
graphically, business cycles, wave-like in character, are apparent 
The crests represent the boom years while the troughs show the 
years of depression. Because of seasonal influences these waves 
appear to change their form to some extent These cyclical changes, 
in short, are due to swings in business through periods of expansion, 
liquidation, depression and recovery covering in all seven to 
eleven years. This movement which shows tendency of history 
to repeat itself is some times designated as Secondary movement. 

(3) Periodic or Seasonal Variation —Along with the 
growth or decline factor and cyclical movements already explained, 
a definite recurrence of fluctuations frequently of a regular periodic 
type is visible daily, weekly, monthly or seasonally depending 
upon the nature of the series. The change is known as 
Periodic, Seasonal or Short-time Variation. It is usual to find 
prices going down in the harvesting season and slowly rising 
thereafter, particularly in the case of agricultural products. In 
summer, price of vegetables soar up and are found to ease 
sometime after the'sjrainy season. On week days in busy towns 
particularly near about 10 A. M. there is a great rush in local 
trains while on Sundays and holidays it is not so. There is a great 
demand for woollen cloth near about winter every year while 
umbrellas sell well in the ratay season. Seasonal variations, • 
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are also visible in India in case of labour. If the rainy season is 
satisfactory many workers go to their villages and flock in towns 
for employment when the agricultural season is over. These 
variations are usually determined by measuring the actual 
occurrences over a certain period, assuming, of course, that the 
season or period is normal. Such changes are also classed as 
Tertiary. 

(4) Irregular Fluctuations :—In this group are included 
all movements residual, episodic as well as fortuitous or accidental 
type. There are movements due to specific causes ordinarily 
reflected in sharp pronounced breaks in the record of variables 
with no apparent tendency for recurrence at stated intervals. 
For instance, due to strikes, production figures are seriously 
affected. Fortutious or accidental variations which are due to 
irregular disturbances such as wars, floods, earthquakes upset 
the normal activities. These movements or fluctuations cannot 
be traced to the steady influence of a secular trend or to rhythmi¬ 
cal influences of business cycles or to seasonal or periodical 
variations. These movements are very complex in character and 
are often not separable from the business cycle movements. 

Measuring time changes: —As already remarked, in his¬ 
torical or time data are found types of variations exerting a com¬ 
bined influence and it becomes an intricate problem to segregate 
the particular results and causes in which we are interested. If 
we are to make an analytical study of cloth prices extending 
over a number of years it will be noticed that apart from the 
normal tendency of growth or decline, it has been influenced by 
cyclical as well as seasonal movements and casually by irregular 
fluctuations due to episodic or accidental factors such as strikes, 
war, diseases, etc. A statistician is less fortunate than his 
brother chemist or biologist who can carry on his experiments 
under controlled conditions. In economic and commercial studies 
the data is to be taken as found and variations due to causes in 
which we are not interested are to be assessed and excluded thus 
giving us a residue which is chiefly the result of the cause under 
investigation. Different methods are used for different types of 
variations; the most ifnportant of them as applied in the various 
causes have been given in the following pages. 
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It must, howsver, be noted that before any metbod is adopted, 
it is necessary to guard against taking isolated extreme items as 
well as choosing a wrong and abnormal period. Again, to obtain 
a reliable result the period should comprise of a sufficiently long 
time to bring out properly the variations which are to be studied. 

Measurement of Long-time trend :—This tendency of 
growth of decrease extending over a long period continues in spite 
of cyclical, seasonal or irregular fluctuations and is usually based 
on arithmetic, geometric or S-curve progression. In the case of 
arithmetic progression the increase or decrease is approximately 
by the same amount and if graphically presented it takes the form 
of a straight line. In geometric progression the rise or fall is 
approximately by the same rate or precentage in each period and 
if a logarithmic curve is plotted a straight line will be obtained. 
In S-curve progression a logistic curve is formed in which a slow 
rise in the beginning is followed by the rapid growth till it reaches 
a point of maturity when the rise again becomes rather slow. 

The *S-curve’ :—This curve is usually obtained by plotting 
the figures of the growth of a new industrial concern. At the 
outset the progress particularly on per capita basis is rather 
slow and later on it increases till it reaches the market saturation 
point when it again becomes slow. A cumulative curve of this 
phenomenon, if drawn, naturally assumes the form of ‘S* and 
hence this nomenclature. 

Methods adopted :—In order to ascertain the long-time 
evolutionary, or secular trend it is necessary to exclude short- 
time as well as irregular oscillations from the time series under 
consideration. For this purpose the principal methods made use of 
are following :— 

(a) Free-hand smoothing 

(b) A Series of averages 

(c) The moving average 

(d) The Method of Least-squares 

(a) Free-hand smoothing :—When a curve is drawn its 
course is rarely smooth as there are peaks and troughs due to 
fluctuations. For eliminating these oscillations the most easy 
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is of Smoothing thbm by drawing a free«band curv^ which 
wUl indicate the general tendency or trend. This isi no doubt, a 
dangerous device if feft to an inexperienced hand as different 
persons are likely to draw different curves based on the saipe 
data. To guard against this it is better to draw three free-hand 
curves, two of which should represent the extreme variations in 
either direction and the third should be as a sort of compromise 
between the two. This will naturally be the most appropriate 
curve as the two extreme curves will serve as guide in its 
construction. 


Table, 1 :— Profits of Coal Industry fin lakhs of rupees) 


Year 

( 

Profits 

! Year 

1 

Profits 

192S 

80 

1936 

53 

t 

1929 

79 

1937 

61 

1930 

98 

1938 

123 

1931 

77 

1939 

119 

1932 

64 

1940 

120 

1933 

61 

1941 

98 

1934 

50 

1942 

1 

94 

1935 

54 

1943 

113 


No. doubt this method is very practical as well as easy 
but it is defective as, given the same data, no two persons will be 
able to draw identical smoothed curves even if they have no 
ulterior motive to do otherwise. From the point of accuracy, 
therefore, this method is found to be deficient and also not very 
reliable. 

(b) A series of averages :—To remove the uncertain 
character of a free-hand curve this method can be used with 
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advantage* In this the whole series is divided into suitable 
sections and averages are ascertained for such sections. These 
points are then plotted and a free-hand curve is drawn passing 
through these. As these points are to be the same in all cases, this 
smoothed curve drawn by several persons will not be very much 
different In Table 1 giving profits of coal industry the data is 
for sixteen years. It can be conveniently divided into four 
sections and then the smoothed curve will be drawn through the 
four points of averages 83.5, 57-3» 89.0 and 106.5 which will 
be plotted on the middle ordinates of each section. The following 
figure is obtained by applying this method to the preceding data. 

Profits of Coal Industry in India 



1928 1931 193a 1937 1940 1943 


Fig. 1. 

Method of Somi-avorages: —Instead of dividing the whole 
d&ta into several parts it is divided into two sections only; Th8’ 
smoothed curve is in this case‘drawn through the two averages 
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plotted on the middle ordinate of each section. This method is 
comparatively simple but its result will be naturally less 
accurate. 

(c) The Moving Average :—It is a form of arithmetic 
average and is calculated by replacing the first item taken for 
computing the average ascertained by the newly arising item for 
calculating the next average. For instance, if the triennial 
moving average is to be calcuated from a series of ten years 
arithmetic average will be computed for the first three years 
and will be entered against the second year. The next average 
will also be of three years but not of the first three. The average 
of the second, third and fourth years will be taken and written 
next i. e. against the third year. In this way the moving 
average of the whole series will be ascertained. The average of 
eighth, ninth and the tenth years will be written against the 
ninth year and there will be no average to write against the tenth 
year unless we are given the figure for the eleventh year. In the 
same way Quinquennial and Septennial year moving averages can 
be computed the only difference being that instead of three, five or 
seven year figures will be taken for computing the average. It 
is usual to find moving average computed for 3, 5, 7, and 10 years 
through it can be obtained for any number of years. The choice of 
the period will mainly depend upon the problem in band. In the 
case of an even number of years the difficulty experienced is about 
the place of writing the average. In the case of an odd number 
it is written against the middle item. In the case of decennial 
moving average it cannot be written against the fifth or the sixth 
year as the nine-yearly and the eleven-yearly moving averages if 
calculated will be written there. To get over this difficulty the 
moving average is centred by taking the average of succeeding 
figures of moving averages and then writing it against the middle 
item the first year against which it will be written in this case 
will be the sixth year as is done in column (8) of table no. 2. Some 
use the method of ‘lagging the moving average,’ i. e. of writing it 
against the previous year instead of writing in the middle of the 
two years but this method is not suitable particularly when the 
deviations have to be computed. 

These averages should then be plotted and the smoothed curve 
thus obtained will give the trend of the data by disentangling 
the short-term oscillations. In the case of a moving average the 
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disadvantagfe is that it cannot be kept quite up-^o^date as the 
moving average figure for the last few years cannot be computed 
in the absence of figures for succeeding years. In the case of a 
series for a long period trend this cannot be considered as a very 
great handicap. 

Table-2— Profits of Coal Industry in India (in lakhs of rupees) 





Five 



) 




Sums 

yearly 

Sums 

10 yearly 



Year 

Profits 

m 

in 

moving 

add in 

Centered 



5’s 

moving 

10*s 

average 

pairs 

average 




average 





(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1928 

80 

... 



1 

i 



1929 

79 



... 

1 * • 

1 



1930 

98 

398 

79.6 





1931 

77 

369 

73.8 

• •• 

1 



1932 

64 

340 

68.0 


1 




»,. 

... 

... 

667 

66,7 



1933 

51 

296 

59.2 






... 



710 

71.0 

137.7 

68.9 

1934 

50 

272 

54.4 

... 





• •• 


... 

750 

' 7^0 

146.0 

63.0 

1935 

54 

269 

53.8 

... 

1 




•• • 



772 

77.2 

152.2 

76.1 

1936 

53 

341 

68.2 

... 





.. * 

• • « 

1 

793 

1 79.3 

156.5 

78.3 

1937 

61 

410 

' 82.0 


... 

1 



... 


1 

... 1 

823 

82.3 

j 161.6 

80.8 

1938 

123 

j 476 

95.2 

. .. 

... 







886 

88.6 

170.9 

85.5 

1939 

119 

521 

104.2 

... 

... 



1940 

120 

554 

110.8 





1941 

98 

54*5 

109.0 





1942 

94 

... 

... 





1943 

114 


... 










ma 




la the above table both quiaquennial as well as deceaaial 
moviag averages have been given. In the case of the latter in 
column (6) is shown the 10--yearly moving average written 
between two years as it cannot be written against any particular 
year due to its being the average of an even number of years. 
In column (8) the centered average figures are given and are 
written against the different years. 

Profits of coal industry in‘India 

130 


120 


110 


100 


90 


80 


70 


60 


60 
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As will be clear from the graph showing the profits of 
coal industry for various years as well as its five and ten yearly 
curves that the trend is to a great extent visible. The averages 
plotted for getting a ten-yearly curve are from column (6). 
As the figures for 1944 and other years are not given, the 
moving average cannot be computed beyond 1941 and 1938 in the 
case of quinquennial and decennial moving averages. If these 
curves are drawn on semi-logarithmic paper the trend obtained 
will be more reliable. 


If the figures available are for few years only it is not 
convenient to compute moving averages and so in this case 
* Progressive Average ’ can be made use of. 


Progressive Average :—This is a form of average ascert¬ 
ained by adding different items and dividing the result by the 
number of items taken. A column is provided to write increase 
or decrease of the particular year’s figure as compared to the 
progressive average as calculated at the end of that particular 
period. 


Table 3.— Sales of the India Stores Ltd. 


Year 

Sales 

Rs. 

1 

1 Progressive average 
Rs. 

■ 

Increase or decrease 
of years sale on 
average. Rs. 

1935 

37,000 



1936 

39,000 

38,000 

1000 

1937 

44,000 

40,000 

4000 

1938 

48,000 

42,000 

6000 

1939 

42,000 

42,000 1 

— 

1940 

36,000 

41,000 

—5000 

1941 

48,000 

1 42,000 

6000 

1942 1 

50,000 

' 43,000 1 

7000 

1943 , 

47,000 

i 43,500 i 

4000 

1944 1 

38,000 

, 42,950 

. 1 

—4950 


It will be seen from the above table that in 1939 there ,i? no 
decrease or increase but in 1940 and 1944 there has been a 
25-26 
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(tocrefiise of Rs. 5000 and Rs. 4950 respectively* This has been 
shown by means of a minus sign but normally such figures are 
shown in red ink in statements. 

This form of average is particularly useful during the 
early years of a concern as it is difficult to have moving 
averages for want of data extending over a number of years. 
This form of average suffers from the defect that it includes 
data for earlier years which loses to a great extent its 
importance as it gets old. For this reason it is necessary that 
it should be discontinued in favour of the moving average as soon 
as it is convenient to do so. 

id) The Method of Least Squares: —This method is a 
mathematical device and by this a line is drawn through plotted 
points in such a way that the sums of the squares of the 
deviations of the actual points above and below this *line of best 
fit* are at a minimum. The determination of a straight line for 
this purpose by the method of least squares is illustrated by the 
following example. 

Table 4— Consumption of Cotton in British India 

(in lakhs of bales ) 


Year 

Jsl 

Consump¬ 
tion in 
lakhs of 
bales. 

„ (b) 

1 Time devi¬ 
ation from 
the mid¬ 
year. 

(c) 

1 

' Deviation 

1 of col. (c) 

1 sfjuared. 

i ^ (d) 

1 

Product ot 
* cols, (b) 

‘ and (r) 

(e) 

] 

Trend or¬ 
dinates in 
lakhs of 
bales 
(f) 

1941 

42.5 

—2 

1 

1 4 

1 -85.0 

j 

44.44 

1942 

47.4 


1 ] 

1 

45.87 

1943 

49.0 

0 

1 

' 0 

1 

1 

' 0 

( , 

47.30 

1944 1 

48.5 

1 

1 

' 3 

1 

1 

48.5 

48.73 

1945 1 

( 

49.1 


4 

98.2 

1 

50.16 

Total i 
Average! 

236.5 

47.3 

1 

) 

1 

10 

H.3 ^ 

236.50 
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The arithmetic average of the items should be ascertained 
which would then be the middle point of the line representing 
the trend. The middle item of the series in point of time should 
be marked as 0 and from that mid-year deviations should be 
marked in column (c) those before the mid-point being considered 
minus. Values of items in column (b) should be multiplied by 
the deviations as shown in column (c) and the product entered in 
column (e). The total of this product should be divided by the 
sum of squares of the deviations as written in column (d). The 
result will give the average amount of increase in the trend from 
year to year. As already stated the arithmetic average will be 
written against the mid-year. To this should be added the 
amount of increase arrived at year after year for each succeeding 
year and for each preceding year it should be deducted. It will 
be seen that the total of column (f) in which these figures are 
written would be equal to the total of column (b). The values in 
column (f) should then be plotted to have the ‘ line of best fitf 

Measurement of Other Fluctuations:—After eliminating 
the variation of the long time trend from the original data by 
one of the methods already suggested and by extracting the 
erratic or irregular movements by taking a data covering a 
slightly longer period or by taking data having a wider scope 
the influence left on the data can be ascribed to regular short- 
time fluctuations due to cyclical and seasonal variations. Tht 
cyclical influence then can be ascertained by eliminating the 
seasonal variation method which is discussed hereafter. 

It has been observed that business cycles normally covering 
seven to eleven years recur constantly and possess four well- 
deflned phases or periods: prosperity, decline, depression and 
improvement. In the prosperity period the public is optimistic 
and as the prices are high, easy profits are made and in general 
there is a boom. Expansion of business then sets in to the extent 
of overdevelopment. The demand for money increase and 
business men offer concessions in price to secure ready cash. 
Buyers try to wait for still more lowering of prices. Interest 
rates go up and prices begin to drop down. All this leads to a 
decline of business. Very often a panic sets m because of a 
heavy decline m business leading to severe financial strain 
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and abnormal liquidation of holdings, A period of depression 
follows with general pessimism in trade and industry. If the 
depression is of a lighter type it is referred to as recession* The 
situation then gradually improves because of rigid economy and 
reorganisation of money and credit due to a general cleaning up. 
This improvement slowly regains the old prosperity and then 
again there is a similar cycle. In short, this business cycle is 
a phenomenon in which there is a recurrence of good and bad 
times. 


The weather and climatic changes in different parts of 
the year influence directly or indirectly the economic and 
commercial activities. In certain seasons the productive 
activity particularly m agriculture increases while m certain 
parts of the year decrease in selling activity is easily noticeable. 
The recurrence of seasonal variation is almost regular and does 
command attention of statisticians and if observed carefully one 
would find peaks and troughs in curves at regular intervals. 
Two features appear mure outstanding in tins type. Firstly, 
there exists usually a certain proportional deviation from the 
average rather than a definite amount and secondly the changes 
in this proportional deviation are ordinarily slow. 

Methods Adopted :—Before any method is adopted it is 
necessary to fix up the duration of the period say a week, a 
month, a quarter or year. This will depend upon the nature of 
the problem and the data available in each case. There are 
different methods of measuring seasonal \ariations but the 
following are more commonly used •— 

{a) Monthly average method, 

(d) Monthly axeragcs corrected for trend. 

(c) Link^relative method. 

(d) Moving averages method. 

(a) Monthly Average Method This is a simple 
method by which the averages for different months are ascertained 
from the data extending over a number of years. 
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In table no, 5 figures for five years are given in columns 
(b), (c), (d), (e), (f) and the monthly averages are given 
in column (g). This is a very simple operation and can be easily 
understood. But in this the defect is that these monthly averages 
include the effects of the trend besides the seasonal variations. 
To avoid this the monthly averages are corrected with the trend 
figures as shown in the following method. 

(b) Monthly Averages Corrected for Trend :—In this 
method the effect of the secular trend is eliminated by doing 
further operations after the monthly averages are computed. The 
secular trend is calculated by any convenient method. In table 
No. 6 the secular trend has been computed by the Least Squares 
Method. For the year it comes to 14.34 and for each month it is 
1. 2. As there is an even number of items i. e. 12 m table 5 the 
average of 131.0 cannot be written against June but it will be 
half‘-way between the two. The monthly average of 1. 2 has, 
therefore, been divided by 2 to find the variation for half the 
month and it is added to 131.0 to have a figure for July ( 131.0 
-f 0.6=131.6 ) and it has been deducted from 131.0 to 
get the figure for June ( 131.0—0.6=130,4). The secular trend 
column has been written adjusting the difference of 1.2 foi each 
month. The seasonal index column in table 5 has been worked 
out by finding the percentage of monthly average to the secular 
trend. 


Seasonal Index is also worked out by calculating the per¬ 
centage of the figure of the monthly average to the average of 
monthly averages. But the seasonal index as calculated m table 
5 col. (i) is preferrable. 
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Table No. 6. Secular Trendi (By Least Squares Method.) 


Years 

(a) 

Annual 

average 

(b) 

Deviation 

(c) 

} Deviation. 

1 squared 
) (d) 

Product of cols* (b) 
and (c) 

(e) 

1939 

107.2 

1 

I 4 

-214,4 

1940 

1 17.0 


j J 

-117.0 

1941 


0 

1 

1 0 

1 

0 

1942 

IJO.O 

' 1 

1 1 

1 

130.0 

1943 

1 

1 

172.4 

2 

4 

344.8 

Total 

averege 

' 655.4 

. 131.0 

i_ 


1 10 

1 

1 

1 

j 143.4 


J 43.410=14.34 Annual. 

14.34-^-12=1.2 Monthly. 

(c) Link Relative Method: —This method is no doubt 
one of the best methods of computing seasonal indices but the 
process is complicated and requires a number of calculations to be 
made. First of all, “Link relatives’* are computed which are 
ratios or percentages obtained by dividing the figure of any month 
by that of the preceding one. A typical item usually a median 
or mean is selected which is then related to a common base. The 
next step is to convert these link relatives with a fixed base. 
Allowance is then made for the discrepancy caused by the trend. 
The corrected relatives are then expressed as percentages of their 
arithmetic averages. As said above this method is not easy for 
manipulation. 

(d) Moving Averages Method: —Seasonal variations can 
also be calculated by the Moving Averages method the general 
principles of which have already been explained For the 
computation of seasonal variation by this method, moving 
averages should be calculated as shown in table 7 columns (4) 
and (5). The actual data should then be turned into percentages 
ot the moving averages as shown m column (6). The data 
should then be re-arranged as shown in table 8 and the percentage 
average as shown in table 8 column (5). The percentages in 
c >jlumn (5) should then be converted into percentages based on the 
average obtained (vide bottom of this column) and written in 
column (6) as Seasonal Indices. 






Months 

Actual 

sales 

j 

Sums in 
12’s 1 

1 ‘ 1 

Twelve 

months 

moving 

average 

Two 
months 
average 
from 
col. (3) 

il)__ 

' (2) 

_ . (3) 

: (4) 


1942 


1 

i 

1 



January 

February 

March 

April 

May 

June 




Actual 
sales as 
percent¬ 
ages of 
moving 
averages 


July 

1 . . 

21 

283 

1 ... 1 

23.6 

1 23.7 

8a6 

August 

20 

285 

1 

23.8 

23.8 

1 84.0 

September 

1 23 1 

286 1 

23.8 

23.9 

96.2 

October 

! ^ : 

288 1 

24.0 

24.0 

104.1 

November 

1 

i 30 

289 j 

24.1 

, 24 !] 

124,4 

December j 

‘ 3i 

290 
... 1 

24.2 

24.2 

, 127.2 

1943 

January 

28 

29] j 

I 

24.3 

1 

' 24.3 

j 

115.2 

February 

1 

25 ! 

293 1 

24.4 

24.4 

102.4 

March 

23 

293 

24.4 

24,4 ' 

94.2 

April 

20 

i 294 1 

1 

24.5 

25.5 1 

81.6 

May 

22 

1 294 

24.5 

24.6 

89!4 

June 

j 

23 

296 

24.7 

24.7 

93.1 

... 

296 

24.7 

... 
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1 

Two 

Actual 


&ims in 

Twelve 

months 

sales as 

Months 

Actual 12’s 

months 

average 

precent* 


Sales 

moving 

from 

age of 



average 

coL (3) 

moving 





averages 


_ L2)_ (3) _ 


- JiL-. 

' (5) 

July 

23 1 

• • * 

^ 24.7 

93.1 


1 296 

24.7 

1 

. . . 

August 

20 


, 24.7 

80.9 


... ! 297 

24.8 

1 


September 

24 1 


I 24.8 

96.7 


.. 1 297 

24.8 

i * “ 

. . . 

October 

25 I 

... 

1 24.8 

100.8 


... I 298 

1 24.8 

^ 24.8 

. . • 

November 

32 



129.0 


. . i 298 

24.8 


... 

December 

31 • . 

1 **' 

24.8 

125.0 


298 

24.8 ! 



1944 


1 



January 

28 

... j 

24.8 

112.9 


297 

, 24.8 1 


... 

February 

26 

... 

24.8 

104.5 


297 

, 24.8 

ei»« 

... 

March 

23 

1 

24.8 

92.7 


299 

24.9 

• •• 

i ... 

April 

21 

1 

25.0 

84.0 


301 

1 25.1 

. . . 

> ««• 

May 1 

22 

. .. 

25-1 

87.6 


... , 301 

25.1 1 


... 

June , 

23 ' ... 

! 

25.2 

91.2 

I 

1 

, 304 , 

25.3 

... 

.. . 

July 

1 

22 1 1 




1 

August 1 

20 1 

1 



September 

i ! 

26 ' 

i 

1 



October 

t 

27 

1 



November , 

32 





December 


34 
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Table 8.-Saies in 1942^4. 


Months 

1942 

1943 

1944 

Average of cols. 
2>3 and 4. 

Seasonal index 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

January 

i 

115.2 

112.9 

114.0 

114.1 

Feb 


102.4 

104.5 

103.4 

103.5 

March 


94.2 

92.7 

93.4 

93.5 

April 


81.6 

84.0 

82.8 

82.9 

May 


89.4 

87.6 

88.5 

88.6 

June 


93.1 

91.2 

92.1 

92.2 

July 

88.(1 

93.1 1 

1 

j 

90.8 

90.9 

Aug. 

84.0 

80.9 { 


82.4 ' 

82.5 

Sept. 

90.2 

9h.7 [ 


96.4 , 

96.5 

Oct. 

104.1 

100.8 ! 


102.4 j 

102.5 

No^. 

124.2 

129.0 


126.0 

j 

126,7 

Dec. 

127.2 

125.0 

i 

126.1 1 

126.2 



t 

1 


1 

1198.9-M2 
=99.9 ‘ 



Really speaking to avoid cyclical influence it is advisable to 
take a longer period but for the sake of convenience the shorter 
period of three years has been taken in this example. 

Exercises 

1. What IS a trend ? Name the important types of movements 
influencing a time series and describe fully any one of them. 
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2. i$ a loiig*tfiip^ ttmd ? CoAipafe and ^cmtmat it witib 
seasonal or periodic variation. 

3. Explain the principal methods available for ascertaining the 
secular trend and state with reasons the method you prefer. 

4. Describe the method of ascertaining the moving average and 
state the difficulty experienced in arriving at the moving 
average for even number of years. 

5. Write short notes on;— 

Progressive average, Link relatives, Centering of the moving 
average, Tertiary variation and Cyclical movement. 

6. Name some types of periodic fluctuations that are not of a 
seasonal character. 

7. What is meant by a trend ? How would you statistically 
eliminate the influence of seasonal and cyclical factors in the 
long period movement of any series ? (1936-Mar.) 

8. Calculate five-year moving averages of students reading in 
the Alpha Technical Institute from the following table. 


Year 

No. ot students 

Year 

No. of students 

1 

328 

8 

427 


317 

9 

405 

3 

357 

10 

438 

4 

392 

11 

445 

5 

402 

12 

447 

6 

405 

13 

4 SO 

7 

410 

14 

432 



9 Find nina yau moving averages of the nomber oC mills in 
existence from 1913*14 to 1933-34. Plot these resuha. 


1913-14 

264 




1914-15 

255 


1924-25 

305 

1915-16 

267 


1925-26 

303 

1916-17 

267 


1926-27 

306 

1917-18 

269 


1927-28 

297 

1918-19 

264 


1928-29 

292 

1919-20 

265 


1929-30 

304 

1920-21 

253 


1930-31 

310 

1921-22 

271 


1931-32 

317 

1922-23 

289 


1932-33 

331 

1923-24 

310 


1933-34 

344 

10 Calculate five-year moving 
India, 

averages of area under 

tea in 

Year Area in 1000 acres Year 

Area in 1000 acres 

1925 

672 

1930 

802 


1926 

679 

1931 

807 


1927 

690 

1932 

809 


1928 

702 

1933 

816 


1929 

712 

1934 

821 




1935 

827 


Plot on a piece of graph paper the annual area 
cultivation as well as its five yearly moving averages. 

under 



Hisiorica^ m 


mi 

11 The following table shows total deposits of all exchange 
b^ks in India in crores of rupees. Calculate five year and 
nine-year moving averages and show all of them graphically. 


Year 

Deposits 

1915 

33.5 

1916 

38.0 

1917 

53.4 

1918 

61.9 

1919 

74.4 

1920 

74.8 

1921 

75.2 

1922 

73.4 

1923 

68.4 

1924 

70.6 


Year 

Deposits 

1925 

70.5 

1926 

71.5 

1927 

68.9 

1928 

71.1 

1929 

66.7 

1930 

68.1 

1931 

67.5 

1932 

73.1 

1933 

70.8 

1934 

71.4 

1935 

76.2 


12. Show graphically the following:— 

Results of working of class I railways in India: 

( in millions of £) 

Total capital outlay Gross earning 


1923-24 

464 

60 

1924-25 

473 

74 

1925-26 

487 

73 

1926-27 

505 

72 

1927-28 

594 

86 

1928-29 

' 599 

86 

1929-30 

617 

84 

1930-31 

627 

4 77 

1931-32 

631 

71 

1932-33 

638 

70 

1933-34 

635 

72 
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Plot also <|U{tiqii«ti]iia! movizig avetagos of the above in 
broken lines* 

13* The following table shows the yearly available supplies of 
all cereals per adult equivalent of population in India for 
a number of years. 

Year Available supplies 



lb. 

1931-32 

427 

1932-33 

416 

1933-34 

408 

1934-3.S 

408 

1935-36 

379 

1936-37 

405 

1937-38 

390 

1938-39 

360 

1939-40 

382 

1940-41 

352 

1941-42 

355 

1942-43 

358 

1943-44 

383 

1944-45 

361 


Draw a graph to represent the above data. Calculate 3-year 
moving averages and plot them on the same chart What 
are the deviations of the actual values from the moving 
average for the year 1941-42 and 1943^44 ? 


(1947-March.) 
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14.. Dmv a frai^ of tbe following time eeries fttid study its 


trend. 


Year 


Value 

Year 

Value 


1910 


496 

1920 

1442 


1911 


615 

1921 

1617 


1912 


686 

1922 

1678 


1913 


835 

1923 

1791 


1914 


888 

1924 

1916 


1915 


1081 

1925 

1883 


1916 


1132 

1926 

2064 


1917 


1139 

1927 

2278 


1918 


1320 

1928 

2368 


1919 


1389 

1929 

2345 


15. The 

following table gives 

the value of exports of 

merchandise 

from 

India during the year 1919-20 to 1923-24. 

Calculate the 

seasonal variations 

for each 

month during this 

period * 








In crores of rupees 



Months 1919- 

20 1920-21 

1921-22 

1922-23 

1923-24 

April 

20 

27 

17 

23 

29 

May 

20 

26 

18 

26 

28 

Juno 

19 

21 

15 

18 

29 

July 

26 

19 

17 

23 

25 

August 

25 

19 

18 

24 

22 

September 

30 

21 

19 

20 

J3 

October 

28 

19 

17 

21 

25 

November 

29 

17 

19 

27 

26 

December 

26 

18 

21 

26 

30 

January 

29 

18 

22 

28 

36 

February 

26 

17 

21 

30 

35 

March 

30 

18 

26 

31 

40 
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16. Plot the following figures On a graph 
the trend. 

Wholesale price index nttmber 

pap^ arid study 


Calcutta 

Bombay 


(June 1914=.100) 

(July 1914=100) 

1925 

159 

163 

1026 

148 

149 

1927 

148 

147 

1928 

145 

146 

1929 

141 

145 

1930 

116 

126 

1931 

96 

109 

1932 

91 

109 

1933 

87 

98 

1934 

89 

95 

1935 

91 

99 

1936 

91 

96 

1937 

102 

106 

1238 

95 

101 


1939 


108 


109 



CHAPTER X 

DISPERSION 

When a mass of quantitative data is collected for a statistical 
purpose it is tabulated with a view to reducing it to a form from 
which its characteristics as a whole may be readily determined, 
A single significant expression is then computed to show the net 
result of the series or group and the various methods for ascer¬ 
taining the different forms of such abbreviated expressions, better 
known as averages, have been explained at length already. This 
form o\ a summary expression is used for several purposes, one 
of which is for comparing two or more groups or series but an 
average alone is not a satisfactory criterion for such a purpose 
as will be seen from the following illustration. 

Salaries of a dozen clerks in two offices 


Office A 

Office B 

1 

R.S. 

1 

Rs. 

75 

! 

35 

70 

45 

60 

65 

80 

50 i 

65 

130 

75 

80 

on 

60 

80 

55 

00 

i40 

83 

90 

80 

75 

80 

Total Rs. 900 ' 

Rs. 9i 

Average Rs. 75 

Rs. 


27-28 
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We have seen that the average salary of clerks in both the 
offices A and B is Rs. 75 but it is clear that the composition of 
the group is radically different. The variation from the average 
in group B is very much less as compared to that m group A. 
The fluctuations in the group A are from 35 to 130 while in the 
other they are only from 60 to 90. In the statistical language the 
dispersion is less in the case of group B or in other words this 
group is more uniform than the other. Dispersion, m brief, is 
lack of uniformity in the sizes of the items of a group or series 
and it is useful for ascertaining to what extent the average is 
typical. 

Absolute and Relative Dispersion: —This diversion or 
deviation which gives an idea of spreading or scattering is 
ascertained to indicate the lack of uniformity in magnitudes but 
in matters of comparison the absolute measure of dispersion is 
likely to be misleading as will be seen from the following 
example. 


Marks of students in two subjects 



English 
out of 100 

Optionals 
out of 300 

A 

40 

130 

B 

50 

]3() 

C 

80 

240 

D 

30 

90 

E 

90 * 

270 

Total 

290 

870 

Average. 

58_ 

174 


From this it will be seen that the percentage of marks of 
.students A, P and E in English and in optionals 


Disp'ersddH' 


2n 


is the same but the relation in the ca^e of absolute number of 
marks being one to three* When, however, we compare 
absolute dispersions in both the cases we find them to be very 
different In the first case the marks vary from 30 to 90 while in 
the other the variability extends from 90 to 270. In the absence 
of careful study this gives an erroneous impression. This is avoid¬ 
ed by computing relative measures of dispersion, which is obtained 
by dividing the absolute measure of dispersion by the average 
selected as the basis for calculation. The absolute measure, 
therefore, is quite insignificant when different class intervals as 
well as different units are used as compared to the relative 
measures or the coefficient of variation as it is usually caTled. 
Thus, measures of variation in the weights of gold and coal mines, 
if calculated in ounces, may show tremendously high degree of 
absolute variability in the case of coal hut if the relative measures 
of dispersion are computed this extraordinary diversion will auto¬ 
matically disappear as will be seen from the detailed study of the 
different measures of dispersion* 

Measures of Dispersion The various measures of 

dispersion commonly used are :— 

1. The Range. 

2 . The <Juartile Deviation. 

3 . The Mean Deviation 

4. The Standard Deviation. 

5. The Loreftz Curve. 


The Range :—The computation of the dispersion by the 
Range method is very easy as it is obtained by finding the 
difference in size between the extreme items but for comparing 
the dispersion, the measure thus arrived at is not satisfactory as 
will be seen in the following cases of weights and heights of one 
hundred persons, 
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W»i|{iit$ in lb. of ]00 iitrson0 


Class 

interval 

i Mid'Value 

1 

No. of 
persons 

_ 

Deviations 

id 

_ 

Cum. 

frequncy 

L 

90-100 

95 

5 

-4 

-20 

5 

100-110 

1 105 

12 

-3 


17 

iio-:20 

1 J15 

8 

-2 

-lb 

25 

J20-130 

135 

14 

-1 

-14 

39 

130-140 

135 

9 

0 

0 

4H 

140-150 

145 

1 

' 16 

> 1 

1 

16 ! 

b4 

150-160 

155 i 

i 18 

2 

3b ' 

82 

160-170 

' 165 

9 

3 

2/ 1 

‘ 91 

170-180 , 

175 1 

8 

4 

32 j 

99 

lHO-190 1 

1 

185 

' i 

_1 

5 

5 

100 

Total 

1 

100 


30 



30 

Arithmetic average = 135 + X 10 — 138 lb. 


Median = 140 + X 10 = 141.5 

JO 


Mode = 150 + ,/ro X 10 = 153.6 








Mi 

il 0 ighli in iacb«s nf 100 iMfsnni 


Class 

interval 

Mid-value 

j 

No. of j 
persons j 
f ' 

Devia- ! 
tions 

fd. 

TST" 

fireqa- 
ency cf 

f 

61-62 ^ 

61.5 

2 ' 

1 

-4 

-8 ^ 

' 2 

62-63 

62.5 

5 

-3 

-15 

7 

63-64 

63.5 

12 

-2 

1 

-24 

1 

1 19 

64-65 

64.5 

1 

14 

-1 1 

>14 

33 

65-66 

65.5 

H , 

0 

0 

47 

66-47 ’ 

66.5 

17 

1 

17 

64 

I 

67-68 

67.5 

21 ' 

2 

42 

, 

68-69 

68.5 

s 

3 

1 

24 

1 

93 

69-70 

69.5 

7 

4 

j 2S 

100 

Total j 

1 

1 

100 


50 

1 .. 



Arithmetic average=65‘5 + ^ 1 = 66 inches 

50 5~-47 

M«jdjan= 66 X 10=68.06 

Mode= 67 + ^ 

1 J to 


The average weight is 138 lb. and it ranges from 90 to 190» 
the absolute range being 100 lb. The average height happens 
to be 66 and the range is from 61 to 70 giving only 9 as the 
absolute range. We are, therefore, likely to think that the disp- 
ersion in the case of weights is disproportionately high. This 
is erroneous as will be seen if we calculate relative measures of 
(tispersion. 






«^4 


Relative mvaami ir—This is obtained by the conversion of 
the a}i$oli 2 te measuie by comparing it with some standard and 
few: t^s» a fractional expression is created by dividing the abso¬ 
lute dispersion by the standard used which is usually the arith¬ 
metic average of the gpi'oup or by double the value of this average. 
It is not usual to find the median or the mode used in place of 
the arithmetic mean to obtain the relative dispersion. 

Relative dispersions of range 



Weights 

Heights 

. 190—90 

By using arithmetic average - - — ™0.72 

13o 

70—61 _ 
66 

By using double the 
arithmetic average 

190—90 „ 

138X2 

70—61 _ 
66 X2 

By using median 

190—90 „ 

141.6 ~ 

70—61 _ 
68.06 

By using mode 

190—MO _ „ 

153.'6 

II 

tio- 

o 


In the case of absolute range the variation m the first case 
is 100 and in the second only 9 thus showing a very wide 

divergence but by using the relative measure of dispersion the 
difference is found to be much less comparatively. 


Another method ol obtaining the relative measure of 
dispersion in case of the range is to divide the absolute 
measure by the sum of the extremes which in the above case 
will be as under :— 


Weights 


190—9 0 _ 100 _ 
190+90 280 

70—61 9 

70 + 61 


Heights 





Cliariu:tort«tie$.of the Range :~The ninge as a 

measure of dispersion commands very little importance. Ttie chief 
defect in this measure is that it is based on the observations of 
the two extremes and no weight is attached to other items even 
though their position in the group is of very great importance. 
Again the two extreme items taken for computation are such as 
are likely to be influenced by abnormal occurences. In spite of 
these defects this method is often used hut mostly by those who 
are not familiar with statistics. 


The Cumulative Range :—As the simple range as a measure 
of dispersion is not of much value the cumulative range is used 
to convey a summarized idea of the data. This is done by 
computing the cumulative frequency and then calculating the 
percentage as sliown in the lollowing table :— 

Heights of 100 persons in inches 

i I Percentage of 


Height 

Frequency 

j Cum. frequency 

, the total 

freqwncy 


o 

I 2 

2.0 

62-63 

5 

7 

7.0 

63-64 

12 

19 

19.0 

04—65 

14 

33 

33.0 

65-66 

14 

47 

47.0 

66—67 

17 

64 

64.0 

67-68 

i 21 

85 

85.0 

08-69 

, 8 

1 

93 * 

' 93,0 

69-70 

1 7 

1 100 

J_ 

100.0 
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Tlie Quarlila Deviation or SemUnterquartile Range :— 

While considering the utility of the range as a measure of 
dispersion it is noticed that it gives too much importance to the 
extreme items. This measure of the quartile deviation is an 
improvement on it as it is based on the upper and lower quartiles 
which are not likely to be as erratic as the extreme items. The 
median shows the magnitude of the item jusi halfway while the 
quartiles are the values of items one-fourth of the distance from the 
two extremes. As the interval between the two quartiles comprises 
of the central half of the items of the group this measure is an 
improvement upon the previous one. The formula for computing 
the absolute measure of dispersion by the Quartile Deviation 
method is as under 


Q. D. = 


Q3~Qi 

2 


The Quartile deviations m the case of the two examples of 


weights and heights are :~ 


Weights 

Heights 

Q 3 -Q 1 

03-0. 

2 1 

I 

_ 156.53-120.18 

__ 67*56-64.45 

- - - 

2 

= 18.17 1 

== 1.55 


I 


Its old name is Probable Error and the rough rule is that 
the semi-interquartile range is approximately two thirds of the 
standard-deviation. 

Relative measure r—The relative measure of dispersion in 
this case is computed by dividing the absolute measure by median 
or by the average of two quartiles. The latter method is, however. 


more common. 



tyitipet9i(m 


5 


Hi 

RcUitiv0 Dispairsioii of Cloortlle Dooirtioii 


Based on 

Weights 

! 

Heights 

(1) Median 

j 156.53-120.18 

2 ' 

1 

' 67.56-64.45 

1 2 

Vj&i 

141.5 

. 68.06 

Median 

= 0.12 

= 0,02 

1 

(2) The average of 
quartiles 

1 

j 

i 

j 

2 

156.53 *-12.18 

' 2 

67.56—64.45 

2 ' 

Q3+Q1 

2 

156.53+120.18 

! ^ 

1 67.^+64.45 

1 ~ i'~ 


0 

11 

j = 0.02 


Characteristics of the Quartile Deviation method ;— 

This measure of dispersion is easy to calculate as well as to com¬ 
prehend* It IS no doubt based on a few more items as compared 
with the range but even then it fails to be sufficiently influenced 
by many items in the group. It is not a measure of variation 
from any particular form of average and is not capable of further 
mathematical treatment 

The Mean Deviation :—In ascertaining the range as well 
as the quartile deviation measures were computed by taking into 
consideration the two extremes in the case of the former and 
the two quartiles in the case of the latter. In no case the devia¬ 
tions from any particular point were taken for calculation. 
Mean Deviation, which is a better measure of dispersion 
is the arithmetic mean of the deviations of the series from 
some fixed point m the calculation of which cUgebraic signs 
are ignored. This fixed point for ascertaining the deviations can 
be mean, medifm, or mode* Theoretically median is giv<m more 
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importance 4he:valuc ot the mean deviation is the least 
when it is based on the median while in practice the use 
arithmetic mean is common. 

When the mean deviation is to be calculated from a frequ¬ 
ency distribution table it is assumed that all the items in a parti¬ 
cular class are concentrated at the mid-poml of the class and so 
the mid-value of the class is taken for computation. The mean 
Deviation is to be computed by the formula :— 

M. 

n 

Where S = the sum (ignoring the signs) 
t = the frequency 

d = the deviations ot the individual items trom the 
average selected (mean, median or mode) 
u = the total number of items. 

Computations of Mean Deviation based on Median^ 






m 


Median = 404- X 10 = 45‘41 

49 

T. . .. _679.2-i-304.4__983.6 

Mean Deviation =--== 9.836 

Computation of Mean Deviation based on Mode. 


Marks of 100 students of section A. 


Marks 

Mid“ value 

Frequency 
t ! 

Deviation 
from mode 

fd. 



‘d’ 



O 

1 

' 15 

!9 

20-30 

25 

3 

30-40 

35 

2 

40-50 

45 

49 

50-60 

' 55 

} 

24 

60-70 

65 

2 

70-80 

75 1 

1 

0 

80-90 

85 

1 

Total 

1 

1 

1 100 


I 


! -34.2 

! 

-649.8 

i -24.2 

- 72.6 

i -14.2 

- 28.4 

! - 4.2 

-195.8 

' 5.8 

139.2 

j 

1 15.K 

Jl.6 

1 25.« 

‘ 0 

I 

1 35.8 

1 . __ 

I 35.8 

1 , 

1 1 

1 -946.6 
4-206.6 


Mode = 40 -f X 10 = 49.23 

A 'T'siT 


w ^ _946.6 -f 206.6 1153-2 _ 

Mean Deviation =-- (OO— 11.532 


100 
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Computation of Mean Deviation Based on Me 0 n 

Marks of 100 students of section A, 


Marks 

Mid¬ 

value 

I Frequency 

1 f ! 

Mid-point 

X f 

Deviation 
from mean 
(d) 

fd. 

10-20 

15 

’ 19 

285 i 

1 -26.7 

-507.3 

JO-30 

i5 

* 3 

75 

, -16.7 

- 50.1 

JO-40 

35 

' ^ i 

70 

[ 

1 - 6.7 

1 

- 13.4 

40-50 

45 

49 

2205 

3.3 

161.7 

50-60 

55 

24 

1320 

13.3 

! 319.7 

60-70 

65 

1 

2 

130 

23.3 

46.6 

70-80 

75 I 

1 

0 

0 

33.3 

0 

80-90 

85 

1 

^ i 

85 

43.3 

43.3 

Total 

1 

i 

100 

4170 J 

1 

-570.8 

4-570.8 


Arithmetic mean - — 41.7 

^ . 570.84-570.8 i 141.6 

Mean Deviation— ~ TooT ^ 

Relative Measure :—The mean deviation of 100 students 
of section A has been computed separately by three methods 
based on median, mode and mean. The relative measure ot 
dispersion will in each case be computed by dividing the absolute 
measure by the respective average used for calculating the 
deviation in the cases concerned. 

Relative Dispersion of Mean Deviation 
M D 9 8 

Based on Median = ^ ii". —0.21 

Median 45.4 
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Based on Mode ^ « 0.23 

^ M. D. 11.4 

Based on mean —— sss ;xs 0-27 

Mean 41.7 

Characteristics of the Mean Deviation Method:— ^iThe 

deviation as a measure of dispersion is, unlike the range or the 
quartile deviation, based on all items and is, therefore, affected by 
the values of all of them, It is not unduly affected by the 
extreme items but it is defective as in the computation of this 
measure algebraic signs are disregarded. 

Short-cut Method:^ —From the working of the last example 
wherein the deviations from the actual mean have been taken it 
is clear that the method is labourious because of the treatment of 
fractions. This can be simplified if an arbitrary integer is taken 
for calculating the deviations and the necessary correction made 
later on as shown in the following formula:— 

^ _ Sfd 4- c (ni —n 2 )~q ^ . 

n 

Where Sfd = total of the fd column disregarding the 
algebraic signs. 

c == the total of the -fd column divided by the 
total number of observations. (Signs to be 
taken into account, 

n^ = the number of observations below the mean 
n® the number of observations above the mean 

1 — the class interval. 

ri == the total number of observations 

q = double the amounts of fd of items falling 
between the classes covered by the mean 
and arbitrary mean. (Signs not to he 
taken into acco/unt) 
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Computation of Mean Deviation based 

Marks of 100 students of section A 


Marks 

Mid-value 

frequency 

Deviations from 
the arbitrary 
mean 

Jd. 

JO-20 

15 

19 

-3 

-57 

20-30 

25 

3 

“2 

-~f) 

30-40 

35 

} 


_ j 

4(J-50 

45 

49 


0 

! 

50-60 

1 

55 

24 

1 

1 

24 

60-70 : 

65 

'>< 

2 

4 

70-80 . 

! 

75 

i 

* 0 

3 

0 

80-90 • 

85 

1 

1 

, 4 1 

4 

Total 

1 

100 


-65 

7 ) 


(-654-32) 

Arithmetic mean — 45 4- X 10 — 41 7 

, (-654-32) 

<63 4 32) 4- “ frjn ^ (24 "76)—2 x Q 


Mean Deviation — x lo 

_ 97 4- (-0.33)1 -52) 

" ’ " 100 ^ 

_ 924-jl7.](» 

10 “ 

== 11.416 

In this example the mean is 417 and so the number of items 
oelow the mean includes the frequencies of all the classes having 
mid-value of less than 417 and so n^is 24 being the sum of 19, 
\ and 2- In the same way n? includes the frequencies of classes 
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having the mid-'value of more than 41.7 and cdixlks to 76, The 
other way is to deduct nt from n i. e. 100^24. The letter 

*C stands for~-L e. —there are no items falling 
n 100 

between the classes covered by the mean and the arbitrary mean 
‘q* comes to 2X0 L e. 0. 

The mean deviation in this case has been based on the mean. 
If it is to be based on median or mode the word median or 
mode will be substituted in place of the mean in the procedure 
outlined above. 

The Standard Deviation —In computing the mean deviation 
algebraic signs were disregarded but this difficulty is overcohie 
in the case of standard deviation by taking the squares of the 
deviations as a negative quantity when squared becomes positi\e. 
This measure of deviation is more extensively used and is 
calculated by taking the deviations usually from the arithmetic 
mean though they can also be taken from the median or the mode. 

The standard deviation which is also known as ^Error of 
Mean Square\ *Mean Square Error , ^Root-mean square devia- 
tion ’ or ^Mean Error is the square root of the sum of the squares 
of the individual deviation from the arithmetic mean divided by 
the total number of observations. The name root-mean square 
deviation is very appropriate as it describes the method. Tiiis 
can also be computed by taking the deviations from the median 
or the mode but it is customary to have them from the mean as 
the sum of square of such deviations is the minimum. The 
standard deviation is shown by the Greek letter sigma and its 
formula is :— 


Items from the mean. 
Variance. 


S.D. or 


Sfd^ 
n 

where 53 = the sum of 
f = the frequency 
d = deviations of individual 
n = the total number. 

The quantity {S.D.)^ is known as the 
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Computation of the standard deviation. 

Heights of 140 Persons 


Height 
in inches 

T 

1 

j Mid-value j Frequency 

Deviation from 
j the mean 

L 

[ 

fd. 

f 

fd2 

59-60 

59.5 

1 

1 

-5 

-5 

i 25 

1 

60-61 

1 60.5 

5 

-A 

-20 

j 80 

61-62 

h1.5 

12 

-3 

36 

108 

62-63 ' 

62.5 

21 

-2 

™42 

84 

63-64 

63.5 

23 

-J 

-23 

1 

! 

64-65 

64.5 

20 

0 

0 

0 

65-66 

65.5 

24 

1 

24 

24 

66-67 

66.5 

14 

2 

28 

56 

67-68 ' 

67.5 

11 

3 

33 

99 

68-69 

68.5 ! 

4 1 

4 

16 

64 

69-70 

69.5 1 

-- _ 

5 j 

5 

! 

25 

1_ 

125 

Total 

1 

1 

140 


1 

-12^ 

126 i 

688 

Mean =64.5 + 

126-126 

140 

X 1 =: 64.5 



S.D. = >88 
'^140 

= 'i 4.91 = 2.21 




Relative Measure :—As the standard deviation has been 
computed by taking deviations from the mean the relative measure 
of dispersion or the coefficient is based on the mean. Relative 


S.D. 2.21 

dispersion of S.D= — == z.-tt'— 0"03 
Mean 64.5 
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• I If 

If the deviations are taken from the medium' ^ or tbe mode 
for ascertaining the relative dispersion, the stai;idard devia¬ 
tion is to be divided by the median or the mode as the case may 
be and not by the mean« 

Characteristics of Standard Deviation :—Standard 
deviation as a measure of dispersion is of great importance* It 
is free from the defect of the mean deviation in the calculation 
of which the algebraic signs are disregarded. It is not only based 
on all the items in the group, but each one of them is given its 
due weight. It can be computed with reasonable ease and can be 
used in the further mathematical treatment As it is rigidly 
defined, there is no scope for personal judgment which very often 
varies. No doubt comparatively more calculations are involved 
in its computation, but looking to the other points it is one of the 
best measures of dispersion and is, therefore, most commonly 
used. 

Short-cut Method: —The computation of the standard 
deviation from the frequency table of the heights of 140 students 
did not involve many calculations, particularly of the fractions 
as the mean is an integer, but such cases are rare, To get over this 
difficulty a mid-point of a class near the centre of the distribution 
IS selected as an arbitrary mean and the standard deviation is 
then calculated with the formula slightly modified to suit this 
change. The deviations in this case are taken from the arbi¬ 
trary mean and the correction is made by the insertion of ‘—c“’. 

_X 1 

s. D rr. /Sfd-' “ c‘^ 

n ^ 

^ f 

where c = -i. e* the total of the fd colunm 

n 

divided by the total number of observations. 

29-30 
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The result of the previous ejcample can be verified by the use 
of this formula as under *— 


Computation of Standard Deviation. 

Heights in inches of 140 persons 


Height 

Mid* value. 

1 Frequency. 

Deviations from 
arbitrary mean. 

fd 

r 

1 fd** 


1 59.5 

1 

i' I 4 

1 

-4 

i 16 

60-61 

' 60.5 

1 5 

i 

-15 

45 

1 

61-62 

1 

! 61.5 

i 12 

1 — ^ 

1 

-24 

‘ 48 

62-63 

62.5 

I 21 

1 

i -1 

-21 

! 21 

63-^4 

63.5 

1 

23 

t 

. 0 1 

1 

t) 

0 

64-65 

64.5 

1 

20 

1 

I 

] 

20 

20 

65-66 

65.5 

24 

' ^ 

1 

48 

96 

66-67 

66.5 

14 

1 

i 3 

42 

126 

67-68 

67.5 

11 

4 

44 

176 

68-69 

68.5 

1 

4 

5 

20 

100 

69-70 

66.5 

5 

1 

h 

30 

180 

T otal 1 

i 

i 

! 

140 


-64 
f204 ' 
HO ‘ 

828 


/ 828 / HOV , 

s D. -- \ 140 ^ 

X 1 

- / 5.V1 - 1 
a/ 

X 1 

— / 4.V1 

Relations between different measures of dispersion:— 

The range is the distance between the two extremes of the scale 
and so all the observations arc covered by it The range equal to 


Btnper^i^n 
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twjc© th© quartila deviation mcluctes one^hali of the total number 
of items as it is the distance on each side of the midway point 
between the two quartiles. In a fairly symmetrical distribution, a 
range of 7i times the mean deviation or six times the standard 
deviation includes approximately of the total observations. 
The empirical rule based on the above is that in fairly distri^ 
buted series the mean deviation is very nearly four-fifths of the 
standard deviation. This can be verified by calculating the 
standard deviation of the frequency giving the marks of 100 
students of section A the mean deviation of which as already 
computed by taking deviations from the mean is 11.4. 

Computation of Standard Deviation. 

Marks of 100 students of section A 


Marks 

1 

1 Mid-value 

1 iDeviations from 

preqpcy arbitrary 

__ mean d. 

fd 

j fd® 

10-iO 

15 

) 

. 

i 

-3 

-57 

1 

1 171 

1 

20 -30 

25 

3 

-2 

-6 

1 12 

1 

30~-40 

35 

2 

-1 

-2 

2 

40-50 

45 

40 

-0 

0 

0 


55 

21 

1 

24 

24 

60 70 

65 

4 

2 

2 

+ 

8 

70-80 

75 

0 

3 

0 

1 0 

80-90 

1 85 

1 

4 

1 

4 

i 

* 16 

Total 

1 

1 

100 1 

_L 


-65 

32 

1 

j 233 

1 

Mean = 

r 45 . 

6.S+32 ^ j 
100 

= 41.7 



S. D 

t 

~v 233 

lOU 

r~~ ~ 

2.33 ■ 

_/-65jJ2^ 

\ 100 j 

y 10 

- 0.11 

X 10 

r 

• • • X 

— v'2.22 

10 



— 1.49 X 10 14.9 
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The nMBn dsviatioa is 11.4 while the standard deviation ts 


„ mean deviation 
Standard deviation 


= 0.76. 


The series in question 


is not fairly symmetrical and hence this slight variation in the 
result The range obtained by multiplying the mean deviation 
by 7i is 11.4 X 7i i. e. 85.5 and it includes all the observations. 
The same is the case if we t^e the range by multiplying the 
standard deviation by six. (14.*^ X 6=89.4) 


It is very necessary to give due attention to the measures of 
dispression as it is possible that though the average of both the 
frequency distribution tables is the same, there may be a great 
divergence in the dispersion. This is illustrated by the following 
two tables of the marks of the students of two different sections 


I and 11. 

Marks of students of section 11« 


Marks 

I Mid—value ^ 

1 Frequency 
f 

Deviations 
d 1 

fd 

fd® 

10-20 

1 

15 

1 

37 

-3 

-111 

333 

20-30 

25 

17 

_2 

-34 

68 

30-40 

35 

3 

-1 

- 3 

3 

40-50 


8 

1 0 

1 . 1 

0 

0 

50-60 

55 

1 

*• 1 

1 

1 

1 

60-70 

} 65 

1 

2 

2 

4 

70-80 

1 

75 

20 

3 

60 

180 

80-90 

85 

1 

13 

4 

52 

208 

Total 


1 100 


-148 

115 1 

797 


^14H4- 11 < 

Arithmetic mean = 45 *4 -x 10 = 41.7 

( 148+115 ) - 


Mean deviation 


100 


X 10 






m 


_263-4,62 _ 268.38 
10 10 ' 

Coefficient of M. D. = =0.619 

41.7 


= 25*838 


Standaid deviation 


/ 797 / -33 

100 V m 

/ 7.97-O.H 


X 10 

) 


X 10 


— r 7.86 >^10 

a/ 


= 28.0 

Coefficient of S. D. = — 

— 0.67 


Marks of students of section 1. 


Marks 

1 Mid-value 

! . ' 

Frequency I 
f ' 

Deviation j 
d 

fd 

i fd* 

( 

10-20 

15 

1 

12 

-3 

-36 

108 

20-30 

25 

20 

-2 

-<K) 

80 

30-40 

35 

15 

-1 

-15 

15 

40-50 

45 

1 30 

0 j 

0 

0 

50-60 

55 

7 

^ 1 

7 

7 

1 

60-70 

65 

5 

2 

10 

20 

70-80 

75 

3 

3 

9 ' 

27 

80-90 

85 

8 j 

4 1 

i 

32 

j 128 

1 

Total 

! 

100 

1 

-91 

58 

1 

j 385 
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Arithmetic mean 


45 10 = 45 - 3.3 


= 4.17 


(91+58) + 


(47-53) (-33) 


Mean deviation — 

Coefficient of M. D* “ 
Standard Deviation — 


100 

100 

149+1.98 ^ 150.98 
10 ~ 10 

15.098 
41.7 


X 10 
= 13.098 


0.30 


385 

_/ “33 ’ 

X 10 

100 

V 100 , 

; 

3.85 

-0.11 

> 10 

3.74 


/ 10 

IV.O 




Coefficient of S. D. 


19.0 

4T.7 

0.45 


Coefficient of Variation One of the other measures ol 
dispersion or scatter used with some modification is the coefficieni 
of variation and it is based on standard deviation and the 
arithmetic mean. The formula as suggested by Professor Kar] 
Parson for a relative measure of dispersion is denoted by 

‘V* is X Standard Deviation 
Arithmetic Mean. 


By using this formula for the marks of section I we get:— 


V 


100 X 19.0 
'41.7 


== 45 ..^ 
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and for section II 

,, 100 X 28.0 

V == 61.1 

By comparing the coefficient of variation of the two sections 
I and II it is evident that the variation is more in the itiarks of 
section II and the same has been shown by the comparison of the 
figures of the coefficients of Mean and Standard Deviation. 

It will be seen that the average of marks in both the sections 
I and II is 41.7 but their dispersions are different as will be 
clear from the following table :— 



Section I 

Section II 

Arithmetic mean 

41.7 

41.7 

Mean deviation 

15.1 

25.8 

Standard deviation 

19.0 

28.0 

Coefficient of M. D. 

0.36 

0.62 

Coefficient of S, D. 

0.45 

0.67 

The Lorenz Curve:—The Lorenz curve is a cumulative 
trequency graph designed to show the deviations in the distribu¬ 
tion of the particular subject of enquiry over the group of the 
data. As the method was originally devised by Dr. Max. O. 


Lorenz for measuring the evenness of the distribution of wealth, 
it is known as Lorenz Curve and is extensively used in the study 
of the distribution of wealth, income, wages, etc. 

The Lorenz Curve is drawn by plotting the respective points 
of the percentages of the cumulative frequencies on a graph paper 
upon which 100 per cent deviation of the axis of X i. e. the 
horizontal scale coincides with the zero percent division of the 
vertical scale i. e. the axis of Y. The scale on the axis X is not 
marked in the usual manner hut from the right to left The two 
extreme points are joined by a straight line which represents the 
case having absolutely no dispersion. The Lorenz Curve shows 
the extent of dispersion—the more the area between this straight 
line and the curve the more is the extent of dispersion. 
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Onto for tho Lorwz Curve 


Income for‘ten years. 


Years 

Rs. 

Years 

Rs. 

1931 

3300 

1936 

7200 

1932 

4700 

1937 

2900 

1933 

4900 

1938 

7800 

1934 

2400 

1939 

4000 

1935 

5000 

1940 

7800 


From this information, a separate table is to be prepared 
giving the equal percentage for each year as shown in column (2), 
the cumulative frequency of the data and its percentage for each 
year worked on the total as in column (4). The Lorenz Curve is 
then drawn based on the points plotted from columns (2) and (4) 
The straight line joining the two ends, represents the case having 
absolutely no dispersion with which this Lorenz Curve drawn will 


be compared to see the extent of dispersion. 

Table-1 Data for the Lorenz Curve 

Year 

Percent 

Income 

Cumulative j Percentage ol 

frequency 

the total. 


(2) 

(3) 

1 (i)_ 

1931 

io 

3300 

6.6 

1932 and prior 

1 20 

1 

8000 

16.0 

1933 and „ 

30 

12900 

25.8 

1934 and „ 

40 

j 

15300 i 

j 

30.6 

1935 and „ 

50 

' 20300 j 

40.6 

1936 and „ 

60 

; 27500 j 

55,0 

1937 and „ 

70 

30400 1 

60.8 

1938 and „ 

80 

1 

38200 

76.4 

1939 and „ 

90 

42200 

84.4 

1940 and „ 

100 

50000 

100.0 


The hvnm Ckurve 



Fig. t. Percent years. 

In the above case, only one Lorenz Curve is drawn and so 
there is no scope for comparison between two curves which is 
possible in the example given below. 

Table~2 Salaries of clerks in firms A and B 


Salaries 



i 

1 

1 

Firm A 

Firm B 

Not exceeding Rs. 40 


1 

25 

i 

48 

Exceeding Rs. 40 but not exceeding Rs. 

80 

1 

30 

32 

.. 80 

» 

>» 

120 ' 

25 1 

25 

120 



160 1 

50 

t 

43 

„ 160 

»» 


200 1 

26 , 

22 

200 

>» 

»» 

240 i 

12 

1 

20 

„ 240 



280 

22 

5 

280 

•» 


320 1 

10 

200 

5 

1 ' ' ■ 

200 
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Table-S Data for the Lorenz Curve 


Salaries 

1 Firm A 

1 

Firm B 

Amount 

1 

I t 

j A verag J Percent 

1 1 

1 2 , 3 

Cum. 

trequ* 

ency 

4 

t 

Percent 

) 5 ' 

Cum. 

frequ¬ 

ency 

6 

Percent 

_ 7 

Less 

than 

Rs. 40 

1 

20 

6.6 

1 

1 

1 

25 

12.5 

48 

j 

24.0 

>» 

o 

00 

bO i 

20.0 

55 

' 27.5 1 

80 

, 40.0 

1 


„ 120 

• 100 

33.3 

SO 

40.0 

105 

52.5 

91 

„ 160 

t 140 

46,0 

130 

65.0 

148 

1 74.0 

It 

„ 200 

180 

60.0 

156 

78.0 

170 

85.0 

It 

240 

220 

73.3 

168 

84.0 

190 

95.0 

19 

o 

00 

; 260 ! 

1 

86.6 

190 

95.0 

195 

97.5 

i1 

„ 320 

’ 300 

iOO.O 

200 

100.0 

o 

o 

100.0 


The Lorenz Curves 
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Points will be plotted by taking figures from [columns i fand 
5 and then by taking them from 3 and 7. Two. curves will thus 
be drawn to facilitate comparsion of the dispersion. 

Characteristics of the Lorenz Curve; —^The Loren 2 Curve 
is very useful in showing the extent of dispersion graphically. 
It, however, fails to give any numerical measurement of the 
distribution for comparative purposes. The method of writing 
the scale on the axis of X is unusiaal and the curves almost con- 
cide at the extreme ends making it di£&cult to study them minutely. 
To avoid this, the extremes are again plotted on a separate graph 
sheet taking a much larger scale. 

The Moments of Dispersion: —Usually dispersion is ascer¬ 
tained by taking the average deviation from mean, mode or 
median. The moments are used for this purpose as will be seen 
from the following description of the moments which are three 
IS number. 

(1) The First Moment: —It is also known as the average or 
mean deviation and is the sum of the deviations from the 

average divided by the number of observations i. e. 


(2) The Second Moment: —This moment is the sum of the 
deviations when squared and divided by the number of observ- 

Sfd^. 

tions i. e. ’The square root of this is the standard devi- 
n 

tion. 

(3) The Third Moment: —As the second moment is ob¬ 
tained by squaring the deviations, this third moment is the sum of 

Sfd'^ 

the cubes of the deviations i. e. — 

n 

The first, second and third moments are often shown by the 
symbols vi, va, and vs respectively and the most significant 
moments used in statistics are those based on the arithmetic mean. 

The Modulus: —It is a measure of dispersion rarely used in 
elementary statistics and is obtained by using the following 
formula:^— 


The Modulus or c = ^ ^ 


II 
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The Modulus worked out from the example of the heights* in 
inches of 14G students given under the head of standard 
deviation is 


/ 

Modulus = 2 X 


^8 

140 


= /9T82 = 3.1 


Exercise 

1. What is dispersion ? Give the important measures for com¬ 
puting it and state with reasons which metliod you prefer, 

2 . Discuss the value of quartile deviation as a measure of 
dispersion. 

3. Describe the method of computing standard deviation and 
state the usual ratio between this and mean deviation. 


4. Explain by giving suitable examples the need of prefering 
relative measures of dispersion to absolute measures. 

5. Explain clearly what you understand by dispersion and 
coefficient of variation. (1935--March). 

6 . Write short notes on:—Second moment, modulus, cumulative 
range and variance. 

7. Describe the method of drawing Lorenz Curve and state its 
utility in statistical work. 

8 . From the following table giving heights of students, calculate 
Quartile Deviation and also Standard Deviation:— 


Height in 
inches 

No. of 
students 

Height in 
inches 

No. of 
students 

53 

15 

61 

8 

55 

11 

63 

14 

57 

18 

65 

12 

59 

10 

67 

9 



69 

3 







Find mean 

and standlard 

deviatioDS of 

exiamination iparks 

of 75 students. 




No. of students 

Marks 

Na of students 

Marks 

getting them 


getting them. 

20 

2 

55 

7 

25 

4 

60 

5 

30 

7 

65 

9 

35 

5 

70 

8 

40 

3 

75 

4 

45 

8 

80 

3 

50 

6 

85 

2 



90 

2 


10. Compare the following distributions by the aid of the median 
and the quartiles and state your conclusions in words. 

Sizes of Spinning Firms. 


Spindles 
(figures 
in 000s). 

Number of 
1884 

firms. 

1921 

Spindles 
(figures 
in 000s). 

Number of firms. 
1884 1921 

0-10 

27 

6 

90-100 

4 

18 

10-20 

47 

15 

100-110 

3 

26 

20-30 

25 

6 

110-120 

3 

13 

30-40 

15 

8 

120-130 

1 

7 

40-50 

17 

14 

130-140 

] 

8 

50-60 

18 

11 

140-150 

1 

6 

60-70 

16 

19 

150-160 

... 

3 

70-80 

21 

16 

160-170 

... 

1 

80-90 

2 

22 

170-180 

... 

1 




180-190 

.. • 

2 


(1943-Oct) 
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Statistics: 


11. Caictilate mean and standard deviations of the following 
data and give the ratio of mean deviation to standard 
deviation:— 

Wages 

per month Rs. 50 60 70 80 90 100 110 120 130 140 150 

No. of recipients. 22 27 15 18 23 14 31 22 18 7 3 

12. The following table gives the imports and exports of India: 
calculate a measure of dispersion and state in which the 
variation is greater. 


Crores of rupees, Crores of rupees. 


Year. Exports. 

Imports. Year. 

Exports. 

Imports. 

IQ27-28 

319 

250 

1932-33 

239 

203 

lP28-2^ 

339 

263 

1933-34 

275 

182 

1^29-30 

345 

258 

1934-35 

280 

210 

1930-31 

308 

206 

1935-36 

282 

216 

1931-32 

263 

176 

1936-37 

342 

199 


Adopt another measure of dispersion and verify the result. 

13. Compare the variations.of height and weight of boys from 
the following:— 

9339 boys of age 5 years had a mean height of 41.26 inches, 
standard deviation 2.238 inches, their mean weight was 
39.724 lb, standard deviation 4.335 lb. (l935^Mar). 
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14. Compare the variatioii in acotes of two batsmen A and B in 
first class cricket matches in 1936 from the following data 
of ten innings :— 

A 53, 27, 61, 39, 7, 105, 80, 16, 5, 56. 

B 21, 16, 78, 83, 41, 43, 57. 95. 4, 0. (1937-Mar.) 


15. Compare the inequality of holdings in the two Districts ‘A’ 
and ‘B’ as disclosed by the following data :— 




Number of 

cultivaters in 

Size of holding 

District ‘A’ 

District ‘B’ 

ITpto 5 acres 

61,514 

1,67,311 

Over 5 and below 

15 acres 

80,042 

73,273 

„ 15 „ 

25 „ 

44,474 

19,858 

„ 25 „ 

100 „ 

19,072 

9,024 

„ 100 „ „ 

500 „ 

1,673 

244 

„ 500 acre‘s. 


31 

1 


(1943~Mar.) 


16. What purposes does a measure of dispersion serve ? Define 
standard deviation and semi-interquartile range and calcu¬ 
late them from the following table giving the age distribution 
of 542 members of the House of Commons :— 


Age 

Number of 

Age 

Number of 


members. 


members. 

20-30 

3 

60-70 

140 

30-40 

61 

70-80 

51 

40-50 

132 

80-90 

2 

50-60 

153 




(1943-Mar.) 
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17. Fm4 the mmn deviation and, standard deviation for 

the following distribution of tomato plants :— 


No. of Tomatoes 
per plant 
0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 


No. of 
plants- 
2 

5 

7 
11 
18 
24 
12 

8 

6 
4 
3 

(1946-Oct.) 


18. Find the mean yield of paddy and the standard deviation 
for the distribution of the results of 3061 crop cutting 
experiments shown in the following table :— 


Yield of paddy 
per acre in lb. 

No. of experiments. 

0-400 

236 

401-800 

481 

801-1200 

604 

1201-1600 

576 

1601-2000 

419 

2001-2400 

333 

2401-2800 

217 

2801-3200 

87 

3201-3600 

64 

3601-4000 

23 

4001-4400 

14 

4401-^0 

6 

4801-5200 

1 

Total 

3061 (1945- 



Dispsrston 


241 


19. Freq^leIlcy distributions erf cost of production of gur (in 
d.nnas per maund) for different holdings in two districts are 
given below :— 

District A District B 


Cost 

No. of holdings. 

No. of holdings. 

32-48 

9 

1 

48-64 

32 

10 

64-80 

37 

34 

80-96 

21 

23 

96-112 

13 

21 

112-128 

7 

14 

128-144 

5 

10 

144-160 

2 

9 

160-176 

1 

5 

176-192 

2 

2 

192-208 

1 

1 

Total 

130 

130 


In which district is the average cost greater and by how 
much ? In which district are costs more variable ? 

( 1946-Mar.) 

20. The fluctuations in rates of Kohinoor and Tata Deferred 
on the 7th March are given below. Find out which of the 
two shares shows greater variability. 

Kohinoor—618, 619, 616, 623, 620, 624, 622, 625, 
622, 625, 626, 625. 

Tata Deferred—'2152i 2132^, 2134i, 2l32j, 2145, 
2142i 2146i, 2130, 2146}, 2130, 2146}, 2142i, 
2150, 2135, 2132i. 

2L Compare the level and dispersion of wheat prices in the 
different divisions of the Bombay presidency from the 
following data:— 

si'-az 
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Wliobsale prices of wheat per maund. 


Northern 

division 

Price 

Rs. 

Central 

division 

Price 

Rs. 

Southern 

division 

Price 

Rs. 

Bombay 

7-0-0 

Ahmednagar 

7-14-0 

Belgaum 

8-3-0 

Ahmedabad 

7-10-0 

Jalgaon 

6-14-6 

Bijapur 

7-0-0 

Kaira 

9-0-0 

Dhulia 

7-2-8 

Dharwar 

7-12-0 

Broach 

j 

9-0-0 1 

Nasik , 

1 

6-12-0 

Kanara 

8-14-0 

Surat 

7-5-3 

Satara 

7-6-0 

Kolaba 

8-6-9 


‘ 

Poona 

8-4-6 

i I 

Ratnagiri 

8-13-0 

i 

1 

1 

i 

Sholapur 

i 7-15-8 1 




(1920 Oct) 

22. Find Mean and Standard Deviations of the distribution 
given below:— 

Persons having said number 
No. of accidents. of accidents. 

0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

Total 


15 

16 
21 
10 
17 

8 

4 

2 

1 

2 

2 

100 (I944^ct) 
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23. The following table gives the age distributions of students 
admitted to a college in the years 1914 and 1938. Find 
which of the two groups is more variable in age. 


1 

j 

Age 1 

[ Number of students admitted in 

1914 

; 1938 

15- 

1 

1 

16- 

1 

6 

17- 

3 

34 

18- 

8 

22 

19- 

12 

35 

20- 

14 

20 

21- 

14 

7 

22- 

5 1 

19 

23- 

2 

3 

24- 

3 1 

1 — 

25- 

i 1 

1 1 

— 

26- 

1 

1 

27- 

! 


— 

Total 

64 

148 


( 1942-Mar.) 





CHAPTER XI 


SKEWNESS 

From the preceding chapter it is clear that a single signi¬ 
ficant value in the form of an average representing the central 
tendency of the distribution is not quite enough to give a 
complete description of the series. It is necessary to have other 
values as well to measure the chief characteristics of the distribu¬ 
tion and to compare it with others. We have already realised 
the utility of the measure of dispersion from the central value 
and the second measure of the degree of symmetry will be 
obtained by the study of skewness which will indicate the 
tendency of the group to depart from the symmetry or the form 
of the distribution. 

Skewness is a lack of symmetry and it indicates in the case 
of a frequency distribution curve that it is turned more to one 
side than to the other and as such it has a longer tail on one side. 
If the observations in the group have been symmetrically placed 
i. e, at points of equal deviations above and below the mode and 
if the frequencies are equal the curve constructed will have a bell¬ 
shaped form as shown by the curve B in fig. 1. Such an ideal 
curve is rarely met with and it will be skewed either to the right 
as shown by the curve C, or to the lett as in the case of the curve A, 
The skewness to the right i. e. having a lower range to the right 
is shown by a positive sign (-f), and that to the left by a nega¬ 
tive sign (~), The positive sign occurs when the skewness 
exists between the median and the third quartile in which case 
the right side is elongated and the curve takes the form as shown 
by the curve C, When the elongation is towards the left, as in 
the case of the curve A the sign will be nagative, the skewness 
then occuring in the lower half of the array as will be seen from 
the curves drawn based on the table giving the earnings of the 
three groups of labourers. 
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Tabi6--1. Earnings of the groups of workers. 


Earnings. 

Mid-values 

Group A. 

Group B. 

Group CJ. 

Below 35 

30 

1 1 

i 

1 


35—45 

40 

1 2 

( , 


45—55 

50 

1 ^ 



55—65 

60 




65—75 

70 

6 

2 


75—85 

80 

8 

4 


85—95 

90 

14 

7 


95-105 

100 

18 

10 

2 

105-115 

110 

23 

19 

16 

115-125 

120 

26 

26 

26 

125-135 i 

130 

4 

19 

20 

135-145 

140 

1 

10 

14 

145-155 

150 


7 

10 

155-165 

1 160 


4 

7 

165-175 

170 


2 

5 

175-185 

180 


1 

4 

185-195 

190 



3 

195-205 

200 



2 

205-215 

210 


I 

1 

Total ! 


1 110 

1 110 i 

i no 


The mode being the point of the greatest density is the top- 
point in the curve which can spread out in one of the three ways 
given above. The median bisects the area of the histogram and 
if the distribution is symmetrical the median will move towards 
the mode and in an absolutely symmetrical curve the median 
and mode will coincide. In the same way the arithmetic mean 
which is always located at the centre of gravity of the histogram 
would also coincide with the mode in an ideally symmetrical 
distribution as can be seen in the case of the curve B. 

Dispersion and Skewness :—The dispersion is computed 
to measure the deviations from the type and in case of different 
measures the importance given differs. In the standard deviation 
more importance is given to items removed from the type chosen. 
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while in the mean deviation no such emphasis is given. In the 
case "of quartile deviation the differences included are only those 
that lie within the boundaries of the upper and the lower 
quartiles. The measures of dispersion in short fail to show the 
manner of the distribution of the deviation. Skewness, on the 
contrary, shows the position in relation to the mode or the median 
and brings out the distortion from the symmetrical form of the 
curve. The measures of skewness not only measure the relative 
or absolute skewness but also show the side on which the 
symmetry lies. 

Measures of Skewness: —Skewness can be easily noticed by 
the graphic method i. e. by drawing a frequency distribution curve 
but it fails to give a numerical measure for comparing the skew¬ 
ness. This can be achieved by adopting various methods some of 
which are too complicated and hence the use of one of the follow¬ 
ing measures is recommended:— 

1. The Position of averages method. 

2. The Quartile deviation method. 

3. The Cubed deviation method. 
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Eelativ^ Meature^of Skawnm:— The ai>solute measure 
of skewness will not be a proper measure for comparison for 
reasons already explained in the case of measures of dispersion 
and hence in each case a relative measure or the coefficient of 
skewness will have to be computed. 

The Position of Averages Method: —In aperfact symme¬ 
trical distribution the mean, median and the mode coincide but the 
distance^, of the arithmetic mean and the median from the mode 
increases with the non-symmetric distribution. The absolute 
measure of skewness easily obtained is (mean^mode) and the 
relative measure or the coefficient of skewness for the purpose of 
comparison which is indicated by the symbol ‘ j * is computed by 
the following formula of Karl Pearson. 

._ ^Mean-Mode 

^ Standard Deviation. 

The value of arithmetic mean will be greater than that of 
the mode in the case of a curve elongated to the right i. e. of the 
type C and hence the result will be positive. 

If happens !n some cases that the mode is not very clearly 
defined and then it becomes difficult to determine it. In such a 
case the following equation which is based on the approximate 
relation between mean, median and mode is made use of for 
substituting the value of the mode. 

Mode = Mean — 3 (Mean - Median ) 

The formula, when the value of mode is substituted is 

._ 3 ( Mean—Median ) ^ 

^ Standard Deviation. 

The other way of computing the skewness based on the 
same principle is by taking (Mean-Median) as the numerator but 
this will reduce the value of skewness to one-third as compared 
with the previous formula and when the skewness is slight this 
will fail to indicate more clearly the degree of skewness. 

In place of standard deviation as a denominator mean 
deviation is also used and then the formula is 

._ Mean -Median 

^ Mean Deviation. 
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In this case mean deviation is based on arithmetic meam It 
is to be based on median and not on mean if the following formula 
is tb be used to avoid the indehniteness of the mode. 

. Mea n-Mode 

^ Mean-deviation. 

It is, however, necessary that the same measure of dispersion 
should be used as the denominator in all the cases when a com¬ 
parison of skewness is involved in the case of a number of groups. 

In the Position of the averages method Pearson’s Coefficient 
of skewness occupies an important place and according to 
G. Undy Yule there is ‘only one generally recognised measure of 
skewness and that is Pearson’s measure.’ 

Characteristics of the Position of Averages Method:— 

Arithmetic mean, which is an essential item in the computation 
of skewness is no doubt based on all the items but mode is some¬ 
times not properly dehned. In such a case the median is 
substituted but it is only about one third the difference between 
mean and mode and hence the degree of contrast is lowered. This 
method is simple and fairly satisfactory in normal cases and 
hence this Pearson’s measure is more commonly made use of. 

The Quartile Deviation Method: —It is based on the 
principle that if the curve is asymmetrical the range from the 
first quartile to the median would not be the same as that from 
the third quartile to the median, or (Q.j — Me) will not be equal 
to (Me — Qi). The formula for the absolute measure of skewness 
by this method is skewness (SK) = (Q.^ - Me) (Me ~ Qi) or 
briefly Q 3 +Qi*” 2 Me. 

The relative measure or the coefficient in this method is 
obtained by dividing the absolute measure of skewness by 
quartile deviation. 

_ ^ , r , ._Q 3 +Q 1 —2Me 

Coefficient of skewness or — 

y 3 "lU I 
2 

Characteristics of the Quartile Deviation Method 

This measure of skewness like the quartile measure of dispersion 
fails to take into account the magnitude of extreme variations and 
really measures the skewness of the central one-half of the items 
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It is, howBWf simple and easy to calculate abd gives a fairly 
accurate result. Its lowest value is zero in the case of an ideally 
symmetrical dispersion. The maximum in a most asymmetrical 
distribution can go up to 2 though normally the numercial 
value dose not exceed 1. According to Dr. Bowley 0.1 indicates a 
moderate degree of skewness while 0,3 shows marked skewness. 
The value obtained by this method is not comparable with that 
ascertained by the Pearson’s formula. 

The Cubed Deviation Method :— This measure is 
ascertained from the cube root of the third moment of dispersion 
and is based on the principle that the sum of the deviations from 
arithmetic mean when the signs are considered is zero. If the items 
in the given group are symmetrical at points of equal deviation the 
frequencies are equal and so the result would be zero. If the 
deviations from arithmetic mean are squared all the signs would 
become positive and the distinction between positive and negative 
deviations will not exist Cubes of such deviations will not only 
preserve this distinction of the positive and negative signs but 
the items at the extremes would get a relatively higher importance 
which will be of great value when the skewness is to be measured. 

The absolute measure of skewness will then be and the 

relative measure or the coefficient of skewness by this method 
will be obtained by dividing the absolute measure by mean or 
standard deviation of the series, the use of the standard deviation 
is, however, more common. 

/Xf.d" /’Sfd‘ 

i ^ n or V n 

S D. M. D. 

Characteristics of the Cubed Deviation Method: —This 
method is in one respect just the opposite of the previous method 
i. e, the quartile measure of skewness in which the size of the 
extreme variations is not taken into account while in this too 
much emphasis is given to the extreme items because of their 
being cubed. This method entails considerable amount of calcula¬ 
tions and hence though its coefficient is the best the Pearson’s 
method is more commonly used 
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Table— 2 . Earaintfe of worker* in iroup A. 


Earnings 


No. of 
workers 
f 


Deviation 


Cum. 

frequency 


Below Rs. 35 
35-45 
45-55 
55-65 
65-75 
75-85 * 

85-95 
95-105 
105-115 
115-125 
125-135 
135-145 


Mean = 90+ x 10=99.36 

Median = 95 + 10=104.72 

27 75 — 24 

First Quartile = 85 + x 10=87.67 

8 ? 25 — 79 

Third Quartile = 115 + - x 10=116.63 

Mode =115 + -T^^r, x 10=116.48 
4+23 

c* .4 — /635 ’?103\ “ ^ 

Standard Deviation — ^ — I ~ la 

^ 100 = 22.1 

.■WT. . ^ 99.36-116.48 

j (Pearson s)= 221 ” =“0.77 

‘ j' (Quartile Deviation Method) = 

n6.63 + 8^67-2X 104.72 _ _ „ 
" h6.63-87.W 
2 
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Tablets. EaralBis «l wmkw* ifi group B. 



No. of 
workers 
f 

Deviation 

fd 

fd® 

Cum. 

frequency 

Rs. 65- 75 

2 

-5 

-10 


9 

75- 85 

4 

-4 

-16 

64 

6 

85- 95 

7 

-3 

-21 

63 


95-105 

10 

-2 

-20 

40 

23 

105-115 

19 

-1 

-19 

19 

42 

115-125^ 

1 ' 26 

0 1 

0 i 

0 

68 

125-135 , 

19 

1 

19 

19 

87 

135-145 ’ 

10 

2 

20 

40 

97 

145-155 i 

7 

3 

21 

63 


155-165 1 

4 , 

4 

16 

64 


165-175 j 

2 ‘ 

1 

5 



110 

Total 

110 1 


+86 

-86 

472 



Mean = 120 + X 10 = 120 

cc c_42 

Median =115+ ^ 10 = 120.19 

27 55—23 

First Quartile = 105 + - x 10 = 107.39 


Q n or _ f- r 

Third Quartile — 125 + - -g- x 10 == 133.02 

Mode = 115 + jg X 10 = 120 
/ 472 

Standard Deviation = J~YlO ^ 10 = 20.7 
j ( Pearson )= - ^qj 


By(Q. D. Method)= 


133.02+10 7.39 - 2 X 120.19 
133.02 :;;J07.39 
2 ‘ 


= 0.C02 
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Tablfl —^ Earnings of workors in group C. 


Earnings 

No. of 
•workers 
f 

Deviation 

d 

fd 

fd» 

Com 

frequency 

Rs. 95-105 

2 

1 

, 

- 8 

32 

1 

2 

105-115 

16 

-3 

-48 

I 144 

18 

115-125 

26 

-2 

-52 

104 

44 

125-135 

20 

-1 

-20 

20 

64 

135-145 

14 

0 

0 

0 

78 

145-155 

10 

1 

10 

10 

88 

155-165 1 

7 

2 i 

1 14 

28 

95 

165-175 1 

5 

3 1 

15 

45 

i 100 

175-185 

4 


16 : 

64 

104 

185-195 

3 

5 

15 i 

75 

107 

195-205 

2 

6 

12 

72 

109 

205-215 

1 

7 

7 ' 

1 

49 

110 

-- - 

— 


-128 1 

I 


Total 

110 


89 

643 




! 

-39 

1 



89-128 

Mean = 140 + , x 10 = 136.46 


Median = 125 + x 10= 130.75 

'P7 7 < — I .Q 

Fir.st Quartile= 115 + - - x 10 = 118.75 

Q -3 OC „ 70 

Third Quartile= 145+ - X 10-■=: 150.25 

20 

Mode = 115+ o';rit+ X 10= ^ 20.55 
20+ 16 


/ 643 / - 39> 

Standard Deviation = - 


m 


X 10 


=23.9 


* j ’ ( Pearson’s) = 


136.46-120.55 

23.9 


= 0.66 


By (Q. D. Method) = 


.150 25 + 118.75-2X 130.75 


= 0.47 


150.25-118.75 
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By comfmting the coefficient of skewness o! the earnings of 
the three groups A, B and C it is seen that there is no skewness 
in the case of the group B as the distribution is symmetrical, 
the coefficient of skewness being only 0.002 which is negligible. 
In the case of the group A the skewness is on the left side and 
hence the coefficient is -0.77. As the coefficient in the case of 
the group C is 0.47 and it is positive the skewness is on the right 
side and is comparatively less than that in the case of group A. 
This can be verified by studying the curves representing the 
earnings of these three groups. 


Exercises 

1. Define skewness and give the different methods of ascertain¬ 
ing it. 

2. Explain the method of computing skewness by the quartile 
deviation method. Do you think this to be a satisfactory 
method ? 

3. What is skewness and how does it differ from dispersion ? 

4. Give Pearson’s measure of skewness. 

5. Find the coefficient of skewness from sizes of items given 


below— 




Weight 

No. of 

Weight 

No. of 

in lb. 

persons 

in lb. 

persons 

85 

15 

105 

15 

90 

18 

110 

7 

95. 

25 

115 

28 

100 

19 

120 

12 



125 

11 
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6, Find the coefficient of skewness from the following data:— 


Heights of school hoys at age 5. 


Height in 
inches 

No. 

Height in 
inches 

No. 

Height in 
inches 

No. 

28 

1 

30 

166 

44 

567 

29 

0 

37 

344 

45 

233 

30 

1 

38 

740 

46 

89 


3 

39 

1167 

47 

27 

32 j 

8 

40 

1670 

48 

1 

19 

33 i 

13 

41 

1614 

49 

4 

34 1 

40 

1 ^2 

1341 

50 

1 

4 

35 1 

59 

43 

1028 

1 

1 

51 

1 


( 1935-Oct.) 


7. Find out coefficient of dispersion and a coefficient of skewness 
from the following table giving wages of 230 persons and 
explain their significance. 


Wages 

No, of 

Wages 

No. of 


persons 


persons 

70-80 

12 

110-120 

50 

80-90 

18 

120-130 

45 

90-100 

35 

130-140 

20 

100-110 

42 

140-150 

8 

From the following table compute the quartile deviation as 

well as the coefficient of skewness. 


Size 

Frequency 

Size 

Frequency 

2- 4 

5 

12-14 

12 

4~ 6 

12 

14-16 

10 

00 

17 

16-18 

8 

8-10 

27 

18-20 

3 

10-12 

15 
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9. How do you recognize the positive or negative character of 

skewness ? From the following table state in which section 
the coefficient of skewness is higher. 

Marks 

Students 

Students 

Obtained. 

of sec. A. 

of sec. B. 

10-20 

5 

6 

20-30 

12 

9 

30-40 

20 

14 

40-50 

30 

42 

50-60 

40 

30 

60-70 

7 

9 

70-80 

5 

7 

80-90 

1 

3 

Total 

120 

120 

10. Weekly earnings of two groups of 

workers in factory 

A and B 

are given and you are 

asked to represent the 

matter graphically to see skewness 
skewness by Pearson’s method. 

and also to compute 

Weekly 

No. of workers of 

No. of workers of 

wages Rs. 

factory A. 

factory B. 

8-12 ■ 

5 

30 

22-16 

6 

35 

15-20 

8 

40 

20-23 

10 

50 

24-28 

25 

70 

22-32 

30 

35 

32-36 

46 

15 

36-40 

50 

13 

40-44 

60 

12 

44-49 

_70 


Total 

310 

310 



CHAPTER XJI 


CORRELATION 

A mass of statistical matter is tabulated and single signifi¬ 
cant expressions like mean, median and mode are computed to 
give a summary of the data and to use them for making compari¬ 
sons. Based on these, dispersions of items from the type are 
calculated to study the uniformity or otherwise of the group. As 
these fail to indicate the symmetry or divergence from the norm a 
coefficient of skewness is ascertained. Usually in the case of 
economic, social and scientific phenomena this study is not 
sufficient and a comparison of groups and series is required to be 
made with a view to seeing if there exists correlation^ meaning 
thereby that between the two series or groups there exists some 
connection. For example, if there is a fairly well distributed 
rainfall in the country the prices of agricultural produce go down 
or students who are good at mathematics are usually weak in 
languages. It is our usual experience that if the supply of an 
article is reduced without any change in its demand the price goes 
up. All these go to show that a certain movement or tendency 
in the one produces an effect on the other which may be direct or 
inverse. In short, whenever two variables are so related that a 
movement or change in one is followed directly or inversely by a 
movement or change in the other and the greater the magnitude 
of the change in the one the greater is the magnitude of the 
change in the other the variables are said to be correlated. This 
relation is also called Association or Co-variation, The elements 
of the theory of correlation are contained in the investigations of 
the French astronomer Bravais but its development in the present 
form is nfiainly due to Gallon’s studies on Heredity in 1877. 

Subject and Relative :—So far we have dealt primarily 
with the charactertistics of a single variable such as the central 
tendency and the variability as well as the symmetry of 
distribution. Correlation statistics are concerned with ascertain¬ 
ing the relationship between variables and it is embodied in the 
theory of correlation. Out of the two series taken the one that 
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i$ to be used as a standard or measure is called the wbUe 

tbe other which is to be compared or measured is kuawo as the 
Rdutiv4, The variable that is depeudeut on the other is the 
dependent variable while the other is called * Independent* 

Positive and Negative Correlation:— A variable, which 
is anything that can have a series of values such as weight in 
pounds, length in inches, may indicate relation which may 
be direct or indirect. If the supply of a commodity remains 
the same while the demand increases the price will rise and the 
correlation in this case is direct or positive. On the other hand 
if the demand remains unchanged while the supply increases the 
price will go down and this is then a case of negative or inverse 
correlation. If the frequency distribution curves are drawn in the 
case of a positive correlation the curves will be moving in the 
same direction but in the case of a negative correlation they 
will fluctuate in opposite directions. The numerical measure 
will be negative in the case of inverse and positive in the case of 
a direct correlation. 

Degree of Correlation: —It is not quite sufficient to simply 
trace correlation between the variables but it is essential to 
ascertain the degree of its existence. The area of a square bears 
a definite relation to its side and so does the weight of water to 
its volume. In these cases correlation is positive as well as 
perfect. But correlation in the case of the supply and the price 
of a commodity is not likely to be perfect but it will be partial 
and negative. There will again be cases like the rainfall in 
inches and the number of births or the production of wheat and 
the manufacture of cloth in which there is no possibility of 
correlation. When we consider this question we may have cases 
ranging from perfect positive correlation to perfect negative 
correlation and in between will be cases of varying degrees of 
partial correlation, positive as well as negative* and also of its 
total absenca Partial correlation may again be high, moderate 
or low jdepuudiug upon the degree of its relationship. 

The degree of correlation can be measured by calculating g 
coe6Bcient of correlation. It is, however, necessary to note that 
there may be by chance a numerical or pictorial in4ication of 
33-34 
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correlation in some cases but it will have to be seen if the 
movements in one set of data are really influenced by the move* 
ments in the other or that both sets of data are affected by 
another factor which is related to both. Wrong conclusions are 
likely to be drawn in some cases and for this purpose it is the 
duty of a statistician to guard against the influence of ‘ nonsense 
correlation * as it is sometimes called. 

Lag and Lead: — In the case of a time series it often 
happens that fairly long a period elapses between the cause and its 
effect with the result that though the two cycles agree they are not 
quite coincident in point of time, A close resemblance in fluctua¬ 
tions can in such cases be seen if an allowance is made for a lapse 
of time. For example, if rainfall is satisfactory prices of agricul¬ 
tural produce will not go down to a considerable extent immedia¬ 
tely but it will take a few months to produce this result. When, 
therefore, the cycles do not quite coincide in point of time the one 
which follows is said to show a ‘ lag ’ of a given interval or a 
‘lead* by one that precedes. In the above case of rainfall and its 
effect on prices the time series for prices is said to lag behind that 
of rainfall. This very phenomenon can be seen in the case of 
other series too. Money spent on advertising and propaganda 
may not immediately show its effect on the sale of goods 
advertised. Of course, in matters of time series this occurrence 
is more common. 

The lag and the lead can be easily determined by drawing 
curves for . both the series and then by carefully marking the 
interval by which one curve can be shifted horizontally with a 
view to bringing the peaks and troughs of the two series on the 
same point of time. The easy method for doing this is to draw 
the curve of one series on a transparent graph paper and then to 
move the paper horizontally by placing it on the graph of the 
other series. The other way is to study the tabulated data carefully 
to see if an increase or decrease in one is followed by an 
increase or decrease in the other after allowing a lapse of time. 
While doing this it is necessary to bear in mind the possibility 
of negative correlation in which case the change visible will be 
in inverse direction. The standard mathematical method for 
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ascertaining the amount of lag is to calculate coefficients of corre¬ 
lation between the two time series for different amoimts of lag^ 
It is necessary to note that a graphic representation does not 
correctly reveal which of the two curves is the cause and which 
the effect and so a careful study of the phenomena is necessary. 
Again, it will not be correct to assume the existence of a lag 
simply by looking at the curves and without carefully studying 
the cause and the effect of the particular phenomena. It should 
be noted that the term ‘Lag’ is also used to show that there exists 
a smaller degree of variation in one series than in the other. 

Methods of Ascertaining Correlation: —In studying corre¬ 
lation it is necessary to bear in mind the distinction between the 
correlation of two ‘series’ and that of two ‘groups* as all the 
methods may not equally suit both the cases. In case of series 
emphasis is laid on the time element and a comparison is made of 
fluctuations of two series for a certain period of time such as a 
comparison of the production of cotton and its prices say for a 
dozen years or of the imports and exports for some years. To the 
classification based on the element of space or on the possession or 
destitution of certain attributes or characteristics the name ‘group’ 
is given and a comparison of two groups of facts is made at a 
given time such as heights and weights of different persons or 
wages of persons working in cotton and jute mills. 

The important methods adopted for ascertaining correlation 
are as under:— 

1. The Graphic Method. 

2. The Scatter or Dot Diagram Method. 

3. Pearson’s Method. 

4. The Concurrent Deviation Method. 

5. Spearman’s Method of Ranks. 

The Graphic Method :—This is purely a visual method of 
tracing the evidence of correlation. We can surely ascertain if 
the relation indicated by the flucuations is throughout the whole 
course, whether the maxima and minima occur at same points 
and whether the rise and fall is direct or inverse; but 
beyond establishing! a relationsqip we cannot with the help of 
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this method offer a deiiiiite measure for comparison. As compared 
with the other methods this is far less elaborate and its working 
can be easily understood. In this, curves are plotted from the 
data and then effort is made to comprehend visually if there 
exists any casual relation direct or inverse between curves as they 
^tandt due allowance being made for the possibility of a lag. 

If there exists positive correlation the curves will run more 
or less parallel (vide Fig. 2) but if it is negative they will be 
moving in opposite directions (vide Fig. 3). Such ideal conditions 
are rarely met with but there are cases of partial correlation and 
its degree (which may be high, moderate or low) is to be judged 
from their movements. If there is absence of correlation the 
curves will indicate no relation even after the possibility of lag 
is considered. As stated already it is necessary to study the 
various factors relating to the phenomena before deciding the 
existence of correlation. 

The graphic method is applicable to both series and groups 
without making important changes in the procedure as will be 
illustrated by the two examples (i) one of time series comparing 
the average number of workers employed daily and of bales 
consumed for a period of eleven years and (ii) the other 
of groups relating to the marks of twelve students in English 
and Mathematics. 

For ascertaining the evidence of correlation between the 
above two time series the data will have to be represented by 
curves, one showing the number of workers employed and the 
other indicating the number of bales consumed. The number of 
workers in this case ranges from 348 to 418 and that of bales 
from 20 to 32, If both curves are plotted on the same scale it 
will have to be very high and in that case the fluctuations in the 
case of the second curve will not be properly visible as almost all 
the observations will come almost in a straight line. To get over 
this difficulty two different scales suitable to the series will have 
to be selected besides using the device of a ‘false line’ as it will 
allow us to adopt a more suitable scale for plotting the two 
curves, In selecting the different scales it is necessary’to see that 
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the scales are properly proportioned and are not snidi as will 
minimise the fluctuations in one series and exaggerate those in 
the other. For this purpose it is advantageous to equate the 
scales on the basis of their respective arithmetic averaga It will 
be seen in the following graph that the lines of averages in both 
the cases are near each other. If they are absolutely close, these 
curves may overlap and thus spoil the graphic display. 


Table—1 Number of Workers and of Bales Consumed. 


Years 

[ Average number of workers 

I employed daily (in thousands) 

1 Number of bales 

1 consumecHin lakhs) 

1926 

j ' 

1 384 

21 

1927 

385 

24 

1928 1 

362 

20 

1929 

348 

22 

1930 i 

384 

26 

1931 

395 

26 

1932 

403 

1 

29 

1933 

i 400 

28 

1934 

385 

27 

1935 

415 

31 

1936 

418 

1 



Number of workers 
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Nimilier of Workers and of Bales Consumed* 



By carefully studying the fluctuations of curves it is seen 
that though they are on the same side they are not absolutely 
parallel but a close relation can be visually comprehended. 
When we consider the number of workers and of the 
consumption of bales, a relation of positive nature is 
easily established. From the movements of the two curves 
which are fairly in sympathy it can be easily said that there 
exists partial correlation, the degree indicated being not low 


Number of bales 


Cotpd0Um 
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but high. No uumdrical measure of degree caUi as already 
stated, be obtained by this method. 

Plotting the Indices: — In using the above method there is 
the danger of using different scales which is likely to influence 
the result either adversely or favourably. To guard against this^ 
absolute quantities can be turned into index numbers based on 
the arithmetic average of the series and then plotting the curves 
based on the indices thus obtained. In this case two different 
scales will not be required and the graphic display is sure to be 
more representative of the facts. The semi-logarithmic diagram 
will, however, be still more desirable and it can be prepared by 
plotting the logarithms of the absolute numbers or by using 
the logarithmic scale graph paper. Ordinarily the indices method 
is quite suitable. 

Table—2 Number of Workers and Bales Consumed 


Year 

Average no. of workers 
employed daily 

Bales consumed 


Thousands 

j Indices 

In lakhs 

Indices 

1926 

384 

98.7 

21 

80.8 

1927 

385 

98.9 

24 

92.3 

1928 

362 

93.1 

20 

76.9 

1929 

348 

89.5 

22 

84.6 

1930 

384 

98.7 

26 

100.0 

1931 

395 

101.6 

26 

100.0 

1932 

403 

103.6 

29 

111.6 

1933 

400 

102.8 

28 

107.7 

1934 

385 

98.9 

27 

103.8 

1935 

415 

106.7 

31 

119.2 

1936 

418 

107.5 

32 

123.1 

Total 

4279 


286 


average 

389 


26 
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In the first series the average is 389 and taking it as 100 
indices have been calculated for the number of workers for each 
year^ The arithmetic average of bales is 26 and by the same 
method indices have been worked out. The curves plotted from 
the indices also reveal a high degree of positive correlation as has 
been visible from the previous graph based on absolute quantities. 



1926 1928 1930 1932 1934 1936 

fJg. 2 





m 


TaMe—3 MlMPki in Ei^lisfa and 


Students 

English 

Mathematics 

A 

75 

30 

B 

40 

55 

C 

30 

68 

D 

85 

18 

E 

33 

70 

F 

90 

15 

G 

25 

80 

H 

10 

85 

I 

95 

10 

J 

65 

35 

K 

55 

1 

+5 

L 

33 

65 


For plotting the curves for this example it is not necessary 
to have different scales or to use the device of a false line. On the 
horizontal line are marked points for students as A, C> D and 
on the vertical line are shown the marks. The movements of the 
two curves one representing marks in English and the other in 
mathematicSf will be carefully studied to ascertain the existence 
of correlation. It can be seen that there is a definite relation 
of a very high degree but it is not direct 




m 
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Fi«. 3 

Scatter or Dot Diagram: —The evidence of correlation can 
be ascertained by a Scatter or Dot diagram which is a chart pre¬ 
pared to exhibit graphically the relation between the two variables. 
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It is a very easy but rough method of finding out correlation by 
graphic device. The points are plotted on a piece of graph 
paper by taking convenient scales for the two frequencies and in 
case of the existence of correlation the plotted points will tend to 
concentrate in a band of greater or smaller width according to 
its degree. The greater the degree of correlation* the narrower 
will be the band. In the absence of correlation the dots in the 
diagram will appear scattered. In the case of a perfect positive 
correlation the plotted points will form a straight line running 
between the lower left corner and the upper right. If it is 
negative the line will be running between the left hand upper 
corner and the lower right. 

By plotting the data in Table 3 the following figure of a 
scatter diagram will be formed and as it is a case of more or less 
perfect negative correlation the band of points is narrow and is 
running from the left to right. 


Scatter Diagram 


ICO 

80 

60 

AO 

20 

O 



20 40 60 80 too 


Fig. 4 

Marks in mathematics. 






m 

Tb6 fallowing will illustrsite fj^sition of points 

in the other types of correlation. 


PERFECr -f ABSENCE 



The Pearson Method:—No numerical measure is obtained 
for making comparisons if the graphic method is made use of. 
This difficulty is got over by the mathematical formula devised 
by Karl Pearson, known as Pearson’s Coefficient of Correlation 
and is indicated by the letter ‘r*. As it gives a fairly accurate 
measure of correlation existing between variables it is most 
commonly used. 

_ 'Zxy _ 

where x == deviations of subject items from their mean. 
y — deviations of relative items from their mean. 

N = Number of pairs of items. 






m 


Sx != Standard deviation of the subject. 
Sy = Standard deviation of relative. 


For the application of this formula the subject series should 
be written first and then the relative. Deviations from the 
arithmetic average for each item in both the series should be 
calculated and written in respective columns marked ‘ X ’ and 
‘Y’. Their squares should then be computed and in the last 
column should be entered the multiplication of items in ‘X’ and 
columns. After standard deviations for both the series are 
obtained the coefficient can be computed by the formula given 
already. The probable error should also be calculated as it will 
be of great use in interpreting the result. 


Probable Error: —In the case of a coefficient of correlation 
its reliability will depend upon the number of pairs compared for 
computing it and also its size. If more pairs are taken for 
comparison the result will be more reliable. The following 
formula is used for dealing with the error due to a limited number 
of items taken and the small size of the coefficient. 


Probable Error = - 
(p. e.) 


0.6 745 (1 -r^) 


Where r = the coefficient of correlation, and. 
N = the number of pairs of items. 


The Interpretation of the Coefficient of Correlation:— 

The degree of reliability of the coefficient is judged with the help 
of the probable error. If is less than the probable error the 
possibility of correlation is absolutely out of question but if the 
former exceeds six times the size of the latter there exists almost 
a certainty of correlation. If* V is less than 0.25 there is less 
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evidence while if it is above 0.5 there is a decided evidence of 
correlation. Perfect correlation exists when the result is unity 
and whether it is positive or negative is to be judged from the 
algebraic sign of the coefficient. 

Table-4 Number of Workers and of Bales Consumed. 


Years 

No. of 
hands 
in thou¬ 
sands 

Devia¬ 

tions 

from 

mean 

X 


Bales 
consumed 
(in lakhs) 

Devia¬ 

tions 

from 

mean 

:L_ 



1926 

384 

-5 

25 

21 

-5 

25 

25 

1927 

385 


16 

24 

-2 

4 

8 

1928 

362 

-27 

729 

20 

-6 

36 

162 

1929 

348 

^1 

1681 

22 

--4 

16 

164 

1930 

384 

-5 

25 

26 

0 

0 

0 

1931 

395 

6 

36 

26 

0 

0 * 

0 

1932 

403 

14 

196 

29 j 

3 


42 

1933 

400 

11 

121| 

28 

2 

4 

22 

I 

1934 

385 

) 

~4 i 

1 

16^ 

27 

1 

1 

-4 

1935 

415 

26 i 

676 

31 

5 

25 

130 

1936 

418 I 

__ 1 

29 , 

8411 

32 

6 

36 

i. 

174 

Total 

Mean 

4279 I 
389 } 

1 

i362 

286 

26 


156 

723 


Sx^ 

/4362 _ 

V' 11 V 

^396.5 _ 

19.9 


/f5r_ 

V' 11 V 

J14.2' _ 

3.8 


111 

_ 723 

= 0.87 

r ^ 

11X19,9X3.8 

831.8 
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Probable error = 


0.6745 -(0.87») 



0.16 

3.3 


= 0.05 


f 


: 0.87 0.05 


As ‘r’ is more than six times the size of the probable error 
and also above 0.5 there is a decided evidence of high degree of 
positive correlation. 

The coefficient of correlation is also computed by using the 

^xy 


following formula 




By using this formula for the above example we get 
_ 723 ^ 

v"4362'>^f56 

723 


824.9 


: 0.87 


The coefficient of correlation in the case of the above time 
series of the average number of workers employed daily and of 
bales consumed has been computed without any modification 
which is so necessary when long-time and short-time changes are 
to be given proper importance. The difference in the procedure 
to be adopted is mainly in ascertaining the deviations as will be 
seen from the example of index number of prices of raw cotton 
and cloth worked out by taking both the cases. 

Long-time Changes :—When a correlation between long 
time trends of the two series is to be considered moving average 
figures will be ascertained for both the series and they will be 
taken as the original data. The deviations will then be calculated 
in each case from the arithmetic average of the moving averages 
and not from the original figures. 



tn 




T^le 5—CoefnciNit4rfCerml»tioii--LMij>tinM ClipnlM. 



Raw cotton 

Date 

Index 

Moving 

Deviation from 



number 

average 

average x 

.*» 

1935 





April 5 

95 




12 

100 


1 — 

... 

19 

99 

99.6 

-0.9 

0.81 

26 

102 

101.2 

0.7 

0.49 

May 3 

102 

102.0 

1.5 

2.25 

10 

103 

103.2 

2.7 

7.29 

17 

104 

103.6 1 

3.1 

9.61 


105 

103.6 1 

3.1 

9.61 

31 1 

104 

103.2 

2.7 

7.29 

June 7 1 

102 

102.8 

2.3 

5.29 

14 

101 

102.4 1 

1.9 

3.61 

21 

102 

102.4 

1.9 

3.61 

28 

103 

102.8 

2.3 

5.29 

July 5 

104 { 

103.6 

3.1 

9.61 


19 
26 

Aug 2 
9 
16 
23 
30 

SepC 6 
13 

20 
27 


105 

102 

100 

95 

98 

95 
93 

92 

93 
98 

96 


103.6 

103.0 

101,6 

100.4 

98.4 
96.6 
95.0 
94.2 
94.1 

94.4 


3.1 
2.5 

1.1 
~ 0.1 
~ 2.1 
~3.9 
-5.5 
-6.3 
-6.3 
- 6.1 


V 22 




11.28 


Sy= 


/10 84 _ 
v' 22“ 
+4.66 


0.49 


= 3.4 
0.7 


22X3.4X0.7 


■ 52.36 


9.61 

6.25 

1.21 

0.01 

4.41 

15.21 
30.25 
39.69 
39.69 

37.21 


Total j 

1 2211.8 

- - - 


.verage 

1 

I 100.5 


248.3 

1 _ 
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%Mlix liNinb«r of PrUmi ni, Stmw Catt^ mi Cloi:li 
(July 1914) 


Cloth. 


Index 

Movingr 

Deviation from 



Number 

average 

_ 

average y 

3 

xy 

no 


... 

-- 

— 

111 

... 

... 

-- 

— 

11! 

111.2 

-0.2 

0.04 

0-18 

112 

111.6 

0.2 

0.04 

0.14 

112 

111.8 

0.4 

0.16 

0.60 

112 

112.0 

0.6 

0.36 

1.62 

112 

112.0 

0.6 

0 36 

1.86 

112 i 

111.8 

0.4 

0.16 

1.24 

112 

111.6 

0.2 

0.04 

0.54 

111 

111.4 

0 

0 

0 

lU 

111.2 

-0.2 

0.04 

-0.38 

111 

111.2 

-0.2 

0.04 

-0.38 

111 

111.4 

0 

0 

0 

112 

111.8 

0.4 

0.16 

1.24 

112 

112.0 

0.6 

0.36 

1.86 

113 

112.4 

1.0 , 

1.00 

2.50 

113 

112.2 

0.8 

! 0.64 

0.88 

112 

112.0 

0.6 1 

0.36 

-0.06 

111 

111.6 

0.2 j 

0.04 

-0.42 

111 

111.0 

-0.4 

0 16 

1.56 

111 

110.4 

-1.0 

i.oo 

5.50 

110 

110.0 

-1.4 

1.96 

8.82 

109 

110.0 

-1.4 1 

1.96 

j 8.82 

109 

110.0 

-1.4 1 

1.96 

1 8.54 

111 

... 

— 

— 

— 

111 

... 





2450.6 


10.84 

44.66 


111.4 





_ q.674J (I — 0A9 

^22 4.69 


r = 0.85 ± 0.04 

Short Tim« Changes;—>In this ca^ the moving avorafe hfores 
will be calculated aa in the case of loo^time chances but the 
35-36 
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Tabla~6. Coefficieat of Correlatioii-<s;toff time change*. Index 


Raw Cotton 


Date 

Index 

number 

Moving 

average 

Deviations from 
moving average x 


1935 

April 5 

95 




12 

100 




19 

99 

99.6 

-0.6 

0.36 

26 

102 

101.2 

0.8 

0.64 

May 3 

102 

102.0 

0 

0 

10 

103 

103.2 

-0.2 

0.04 

17 

104 

103.6 

0.4 

0.16 

24 

105 

103.6 

1.4 

1.96 

31 

104 

103.2 

0.8 

0.64 

June 7 

102 

102.8 

-0.8 

0.64 

14 

101 

102.4 

-1.4 

1.96 

21 

102 

102.4 

-0.4 

0.16 

28 

103 

102.8 

02 

0.04 

July 5 

104 

103.6 

1 0.4 

1 0.16 

12 

104 

103.6 

; 0.4 

0.16 

19 

1 105 

103.0 

2.0 

4.00 

26 

i 102 

101.6 

1 0.4 

0.16 

August 2 

100 

I 100.4 

-0.4 

0.16 

9 

97 

98.4 

-1.4 

1.96 

16 

98 

96.6 

; 1.4 

1.96 

23 

95 

95.0 1 

0 

0 

30 

93 

94.2 1 

-1.2 

1.44 

Sept 6 

92 

94.2 1 

-2.2 

4.84 

13 

93 

94.4 ! 

-1.4 

1.96 

20 

98 

• • * 

... 1 

27 

_ 

96 

... 

1 

... 

... 

Total 




23.20 


deviations in each case will be ascertained by taking the 
difference between the original data and the moving average 6gures. 
When long-time changes are considered these deviations are 
calculated by taking the difference between the arithmetic average 
of moving average figures and moving averages and not from the 
Original data. 



Namber of Prieos of Row Cotton & Cloth (July 1914=100) 


Cloth 

xy 

Index 

number 

Moving 

average 

Deviation from 
moving averages y 

y* 

J - „ 

110 





111 

• ••• 


... 

... 

Ill 

111.2 

-0.2 

0.04 

0,12 

112 

111.6 

0.4 

0.16 

0,32 

112 

111.8 

0.2 ‘ 

0.04 

0 

112 

112.0 

0 

0 

0 

112 

112.0 

0 

0 

0 

112 

111.8 

0.2 

0.04 

0.28 

112 

11 L6 

0.4 

0.16 

0.32 

111 

111.4 

-0.4 

0.16 

0,32 

111 

111.2 

-0.2 j 

; 0.04 

0,28 

111 

111.2 

-0.2 

1 0.04 

0.08 

111 

! 111.4 

-0.4 

0.16 

—0.08 

112 

111.8 

0.2 

0.04 

0.08 

112 

112.0 

0 

0 

0 

113 

112.4 

0.6 

0.36 

1.20 

113 

112.2 

0.8 

0.64 

0.32 

112 

112.0 

0 

0 

0 

111 

111.6 

-^.6 

0.36 

0.84 

111 

111.0 

0 

0 

0 

111 

111.4 

0.6 

0.36 

0 

110 

110.0 

0 

0 

0 

109 

110.0 

-l.O 

1 . 0 

2.20 

109 

110.0 

-1,0 

1 . 0 

1,40 

111 

• . • 

... 

• *• 


111 

... 

... 


... 







^ y 33.20 ^ 
Sar= V 22 


/- 

^1.05 = 1.03 


J 4-60 
Sy =s ✓ 22 


I - 

“/ 0.21 =: 0.46 


7.68 

n K t.0| K 0.4# 


7.68 

10.42 


<SBD 5,73 


t 3SS 



m 




p. E. - 0.6745 (1~0.73«) _ 


0.308 

4.69' 


=0.06 


r = 0.73 + 0.06 

As ‘r’ is more than six times the size of the probable error 
and as it is more than 0,5 there is a fairly high degree of positive 
correlation. 

Table—7 Pearson's Coefficient of Correlation 
applied to marks of Twelve Students* 


Student 

Marks 

in 

English 

Devia¬ 
tions 
from the 
mean 

a: 1 


Marks 

in 

Maths. 

Devia¬ 
tions 
from the 
mean 

y 




75 

1 

22 ' 

484 

30 

-18 

324 

-396 

B 

40 

-13 i 

169 

55 

7 

49 

-91 

C 

^ 30 

-23 1 

529 1 

1 

68 

20 

400 

-460 

D 

85 

1 32 

1024 ' 

18 

-30 

900 

-960 

E 

33 

-20 

, 400 

70 

22 

484 

-440 

F 

90 

i ! 

37 1 

1369 

15 

-33 

1089 

-1221 

G 

25 

-28 

784 

80 

32 

1024 

-896 

H 

10 

-43 

1849 

85 

37 

1369 

-1591 

I 

95 

42 

1764 

10 

-38 

1444 

-1596 

J 

65 

12 

144 

35 

-13 

169 

-156 

K 

55 

2 

1 4 

45 

-3 

9 

-6 

L 

33 

-20 

400 

65 

1 

17 

289 

-340 


__ i _ 

j 8920 { 

48 


Total 

Average 


636 

53 


7550 -8153 



CpffMMipH 




r 8920 ■ / ■ ■ 

Sx = v'-jg— =!= V 743.3 = 27.3 

/ 7550 ^ / ^ 

Sy t= V-Y 2 - = 629.1 = 25.1 

12 X 27.3 X 25.1 8222.8 

p, E. = 0-2«LI-0:W) = =0.004 

Vu 3*^6 

r = — 0.99 =t 0.004 

As the coefficient is negative and is almost approaching 
unity the correction is almost perfect but negative. This the 
corroborated by the result already obtained by the graphic 
method (vide Fig. 3.) 

Short-cut Method of Calculation: —In the above group 
the number of observations is small but if it is large it becomes 
necessary to group them and the correlation table will then take 
the form of frequency distribution in two dimensions. If the 
deviations in each case are taken from the arithmetic average 
there will occur inconvenient fractions and elaborate calculations 
will have to be made. To get over this difficulty a convenient 
figure is assumed as the average and the deviations are then 
calculated in each case from this assumed average and not from 
the actual arithmetic mean. The standard deviation can be 
computed in such a case as already explained by using the 
formula: 


S. D. 


Sfd^ 

V-N-- 


X i 


and the formula for computing the coefficient of correlatioQ ip 



m 


N 


.^.1. 


Cx X Cy 


Sx X Sy 

where C is the difference between the actual avera^ and the 
^fd 

assumed one i. e —which is the algebraic total of the *fd’ 
N 

column divided by the number of observations. 

In using this formula it is better to neglect class intervals 
in all the cases i, e. in the computation of ary, Cx, Cy and the 
standard deviation with a view to reducing calculating as the 
class interval does form a common factor in the case of the 
numerator as well as the denominator. 


Grouped Data :—For computing the Pearson's coefficient 
of correlation it will have first to be arranged as shown in the 
following example of ages of husbands and wives and standard 
deviations calculated in both the cases by taking assumed 
averages. For compiling the *jcy’ column the values of x based 
on their deviations will have to be carefully calculated. For 
instance, there are 14 couples with husbands having the ages 
between 20 and 25 but wives are divided in two age groups (x) 
five in 15^20 and nine in 20-25, Their respective deviations will 
have to be given proper importance and so for computing xy we 
cannot take 14 as the deviations in the case of x but the sum of 
the various frequencies in age groups multiplied by their 
respective deviations shown below will have to be taken. 

9 X (-3)== -27 
5 X (-2)= -10 


-37 


18 X (-2)= -36 
10 X (-1)= -10 


-46 

These figures will be entered in the “Deviations Sx column 
and the values of xy will then be computed by multiplying the 
figures in column by the figures in Y column. 



Table—8. Calculation of the Coefficient of Correlation of a Grouped Data 


Corrtleitwu 


279 



64 I 423 




cHWwfSffOSl 


X 1 


Standard deviation 


f-y 

V 160 / 


FiM 
= V 

-0.06 


= 1.6 X 1 


Standard deviation 

/ 580 / 

y — ^ 160' ” t, 

X 

-14 Y 

16o / 


/ 3.62-0.1 
= ■/ 

X i 


= 1.9 X i 



_ N 

X Cy 

r 

Sa: X Sy 



160 ^\ 160 / V 160 / 

1.6 x' 19 


_ 2.68-0 02 
■“ 3.04 

== 0.87 


Probable Error ^ 0.6745 (1-0.87^) ^ qqj 

/"Too 


Coefficient of Correlation = 0.87 ^ 0.01 


Tbl5re is, therefore, a decided evidence of direct correlation. 





Coneamtil Deviation Metlioilt-^This tnetbod of comput¬ 
ing a coefficient of concurrent deviations takes into account the 
deviations not from the arithmetic mean or from the moving 
average but from the preceding item and it considers only the 
direction of the deviation and not its extent This gives 
unnecessary importance to trivial changes which sometimes may 
be due to insignificant factors. This can be overcome by taking 
a fairly large number cases for consideration. 

In both the scries the fluctuations are marked for each item 
noting against it ( -f ) in the case of increase and ( — ) in the 
case of decrease. In case there is no rise or fall { = ) is written 
against the item. All the pairs are then carefully observed and 
those having the same signs for both the items of the pair, known 
as the Concurrent Deviations, are marked plus in the column 
headed concurrences. If otherwise, a minus sign is entered in 
the next column bearing the title of disagreements. The 
concurrences are then totalled and the coefficient of concurrent 
deviations is computed by the use of the following formula:— 

/ 2C_N 

r = y' — where C stands for the number of 

concurrent deviations and ‘ N ' is one less than the number of 
pairs of items which is equal to the number of deviations 
measured. 

In this formula it will be noticed that ^ signs arc at two 
2 C_N 

places. If the value of -is negative it will not be possible 

to extract the square root of the negative quantity and in that 
case the minus sign will be introduced before the quantity and 
also before the radical. This will make it possible to extract the 
square root and will also retain the same sign as was in the 
original quantity. 





Table'-9. Comlation by Concurrent Deviation method. 


Weeks 


Average number 
employed daily 


Average number of 
bales consumed 
daily 


Number in 
thousands 


Deviations 
from the 
preceding 
week 


Number in 
lakhs 


Deviations 
from the 
preceding 
week 


I 

384 

1 

21 

1 



“ ! 

385 

i + 

24 

+ 

-f 


Ill 

I 362 

I 

20 

— 

+ 


IV 

1 348 

1 

j 

22 

■f 


— 

V 

I 384 

+ 1 

26 


+ 


VI 

1 395 

- ; 

26 

( 



VII 

1 403 

-h 1 

29 

+ I 

•f 


VIII 

400 

- 1 

28 


+ 


IX 

385 * 

~ 1 

27 

1 

i 

+ 


X 

415 1 

~f 1 

! 

31 

^ i 

+ 


XI 

418 i 

+ 1 

32 1 

1 

+ j 

+ j 


1 

_L 

1 

1 

1 

1 

1 

8 1 

2 


r = =fc 

/ 2C—N 

- 





/ 2 X 8—10 

= dr ^ ±- -- 

10 

— 





/' 


16— 10 

10 


J Concurrences 



Corrtiation 



~ v' 10 
= 0.77 

The result obtained is not very much different from the one 
obtained by using the Pearson Method (vide Table—4) 


This method of concurrent deviations is very easy as 
compared with the Pearson’s Method and is very useful in cases 
where we are interested in knowing only if a charge in one is 
accompanied by a change in the other either in the same or 
opposite direction. It is also suitable for the study of short-time 
changes but not in the case of long-time fluctuations. 


Spearman’s Method of Ranks: —This method of ascer¬ 
taining the coefficient of correlation by ranks usually shown by the 
symbol p, the Greek ‘rho* was invented by Professor Charles 
Sperman and is so called as it is based on the ranks of the 
variables. In each case they are arranged according to their sizes 
and ranks are assigned. The difference 'd* in ranks in the two 
cases of each variables is then ascertained and the coefficient of 
correlation by. ranks is computed by using the following formula 


p=l 


6Xd^ 

N(N‘^-“l) 


wherein Sd^ is the sum of the squares of the differences in rank 
and N, the number. 


The value of the Pearson’s coefficient of correlation 
computed from the sum-product method is not usually the same as 
that of the coefficient of correlation ascertained by the Ranking 
Method and Professor Thurstone inhis Fundantentah of Siaitstics 
has given the following table showing the value of Person®’ 
Coefficient of correlation corresponding to various values of the 
Rank correlation coefficient 







Table—10 Camlatian ketwaen Rank mi Paarton*# 


Coefficimt 


correlation coefficient 

Pearson’s coefficient. 

.00 

: .000 

.05 

.052 

.10 

: .105 

.15 

1 .157 

.20 

. .210 

.25 

1 .261 

.30 

.313 

.35 

.364 

.40 

.416 

.45 

.467 

.50 

.518 

.55 { 

.568 

.60 

.618 

.65 ' 

.668 

.70 ; 

.717 

.75 

.765 

.80 

.813 

.85 

.861 

.90 

.908 

.93 

.954 

1.00 

1.000 


Ties in Ranks: —While assigning ranks sometimes there 
xcur two or more variations having the same value and in such a 
:ase one of the following methods, preferably the second, is made 
ise of. 

(a; The Bracket Rank Method: —All such variates arc 
fiven the same rank that is the one in which the tie occurred 
ind the next variate is given the rank which it would have been 
fiven had there been no such tie. 

(b) The Mid-Rank Method: —In this case all such vari- 
ktes are given the same rank but it is not the one in which the tie 
iccurred but the average of the ranks of places occupied by all 
nch variates. The next variate then gets as usual the rank 
vfakh it would have had it not been for such a tie. It will be 
tin from the following example that while assigning ranks in the 
ase of marks in English and X’ have been given 8.5 rank 






m 


L «. IIm mvmagit of 8 and 9 and the next rank given to C is 
10. In the bracket rank method both E and L would have got 
8th rank while C would have got the same rank L e. 10th. 


Table-ll. Coefficient of Correlation bjr Ranking Method 
(Marks of twelve atndents as pw Table—3.) 


Students 

Marks 

in 

English 

X 

Marks 

in 

Maths. 

y 

Their 

ranks 

in 

X 

Their Difference 
ranks ! between 
in 1 ranks 
y 1 d 

Difference 

squared 

d« 

A 

75 

30 

4 

9 

-5 

25 

B 

40 

55 

7 

6 

1 

1 

C 

30 

1 

10 

4 

6 

36 

D 

85 

18 

3 

10 

-7 

49 

E 

33 

70 

8.5 

3 

5.5 

30.25 

F 

90 

15 

2 

! 

11 

-9 

81 

G 

25 

80 

1 

2 

9 

81 

H 

1 10 

85 1 

12 

1 

11 

121 

I 

95 

10 1 

i ' 

1 

1 12 

-11 

121 

J 

65 

35 

5 

8 

-3 

9 

K 

55 

45 

6 

7 

-1 

1 

L 

33 

65 

8.5 

5 

3.5 

12.25 

I 1 

Total 1 

t 

1 

1 

1 567.5 


Coefficient of correlation =1 — 


6 X 567.5 
12(144-f) 


3405 

1716 








1689 
J716 
= —0.98 


By transposing this from the table of equivalent values 
(Table no. 10) we get approximately—0.99 as equivalent value 
for V which is actually the value as can be ascertained from the 
example already worked out. 

The coefficient of correlation by the Pearson’s Method can 
be computed only if the original values of the variables are 
known. But by the Ranking Method it can be calculated even if 
only the ranks of the variables are known. Again the rank 
cofficient can be computed with greater ease than is possible in 
the case of the Pearson’s coefficient. This method of ranks can 
be profitably used in cases where the number does not exceed thirty. 

Spearman's Foot-rule: —Spearman has devised another 
formula which is easier to compute but it gives only a very rough 
estimate of the measure of correlation and hence it is not usually 
used. 


R= 1 — 


62 g 

N^l 


In this formula 2g stands for the total of gains in ranks or 
in other words positive differences in rank as shown in the 
column ‘Difference between ranks’ in the previous example. As 
said already, the result obtained by this formula will give only a 
rough estimate. 

Ratio of Variation: —In case of correlation we compare 
the deviations from the type to see if the fluctuations are direct or 
inverse associated and also to ascertain the degree of this associa¬ 
tion. It often happens that the variables fluctuate together direc¬ 
tly or inversely and yet the deviations are not absolutely or 
proportionately the same. The price of an article may rise with 
a rise in demand for it but its absolute or proportionate rise may 
not be the same. It is important to know how much change in 
one variable, on the average, results from a given change in the 
other. Will 50% rise in the demand lead to 50% rise in the price 



(hrrelMioin 


of the aftide ? When the dearness allowance of twenty percent 
is paid to workers* is their expenditure on food going up by 
twenty percent ? The ratio of variation, which is taken as 
the average ratio between the proportional or percentage deviation 
of the two curves from the selected base, is a corollary of the 
coefficient of correlation and is often confused with it because of 
the close relation of the one with the other. 

The Galton Graph: —The easy method of ascertaining this 
ratio of variation is by plotting the corresponding figures in the 
subject and the relative, the variables having larger proportional 
deviations forming the subject and the other, relative. But with a 
view to making allowance for the difference in variability of the 
subject and the relative and to obtain the percentage variation 
in the latter, for a given percentage variation in the former, index 
numbers are calculated in both in cases based on the arithmetic 
mean in each case. 

The Regression Line: —When these points are plotted 
they will be too much scattered where there is an absence or correla¬ 
tion and in that case the problem of the ratio of variation does not 
arise. When there is perfect correlation, these plotted points will 
form more or less a straight line which will point towards the 
lower left corner in the case of positive correlation and towards 
the lower right corner when there is negative correlation. Such a 
case is rarely met with but when there is partial correlation, the 
points are very often found to form a bend. A straight line 

should then be drawn keeping the trend of the points and 
having as far as possible equal number on either side of it and it 
should be the best possible fit to the points in question. It is 
no doubt a difficult job and for the same set of points 
different persons are likely to draw slightly different lines. 
This can be better done by taking a piece of thread, and then 
trying different positions of a straight line till the one which 
will be the best fit is fixed up. This line will correspond to 
a line of trend describing the average change and is known as a 
Line of Regression. The use of the word ‘Regression’ is traced to 
the early studies of the relation of the heights of fathers and sons- 
by Francis Galton as early as the second half of the nineteenth*^ 





caatiiry. Tbo heights of sons j^pcnsred to regress as oompgredl to 
&0se of the fathers and so he called the line which showed 
fl^aphically the average relation as the line of regression. 

Table—12. Ratio of Variation between Sales and Profits 

1 Sales ' Profits 


Year 

In lakhs of 


1 in lakhs 

1 

j of rupees 

Index 

! of rupees 

1 

) 

Index 

1 

1935 

! 72 

i 

120 

42 

t 

1 

j 105 

1936 

84 

140 

52 

130 

1937 

66 

no 

1 

48 

1 

120 

1938 

60 

100 

1 46 

1 

115 

1939 1 

48 

80 

i 

75 

1940 

42 

70 

j 28 

1 70 

1941 

54 

90 

1 36 

: 90 

1 

1942 

63 

105 

1 38 

1 

! 95 

1943 

51 

85 

1 

85 

1944 

57 

95 

1 42 

105 

1945 

69 

115 

44 

110 

1946 

54 

90 

40 

100 

Total 

720 

1200 

480 

1200 

Average 

60 

100 

40 

i 100 


The ascertain the ratio of variation between the produc¬ 
tion and profits of the given historical series the Gallon 
graph is constructed according to the usual practice of taking the 
ordinal to represent the subject and the abscissa the relative. 






Utk 
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Index of Profits 
Fig. 5. Galton Gra|>h 


The straight line AB which corresponds to the Itaa of trend 
is the regression line and meets the ordinate at A. If the variations 
in the subject and in the relative are of equal proportion their 
points when plotted will form the straight line which will 
make an angle of 45^ with the abscissa as well as with 
the ordinate. This line is known as the Line of Equal Varitation. 
For measuring the ratio of variation a straight line parallel 
to the base is drawn from any point in the ordinate to meet the 
line of regression at E and the ordinate at F. The ratio of the 
average variations of the relative to the average variations of the 
EF 

subject will As EP and AF in the above case come to 33 

and 40 units the ritiio of variation comes to 0.$7S. This shows 
that for every change of one percent in the subject there will be 
approximately a change of 0.575 percent in the relative. The 
ratio negraesion is the oompiement of this portion 
comes to 0.435* 



1. Define correlation and distinguish between positive and 
negative correlation. 

2. Give the important methods of ascertaining correlation and 
state with reasons the method you recommend. 

3. Write short notes on:— 

Subject and relative, lag and lead, probable error, Spearman’s 
Foot Rule and Scatter Diagram. 

4. Describe the Pearson’s method of measuring correlation and 
give rules for interpreting the coefficient of correlation. 

5. Explain any two methods of the following — 

(a) Concurrent Deviation Method, 

(b) The Bracket Rank Method. 

(c) Spearman’s Method of Rank 

(d) The Graphic Method. 

(e) The Mid-Rank Method. 

6. What IS meant by a Regression Line ^ Descnbe in detail 
the method of drawing it 

71*"'What IS a Lag? How will you trace it ^ 

ft 

8, In the following table are given figures m crcwes of rupees of 
Clearrng Houses in Calcutta and iJouibay. Calculate the 
coe^cient of correlation. 



Calcutta 

Bombay 


Calcutta 

Bombay 

ms 

1018 

519 

1931 

756 

• 640* 

1^26 

959 

421 

1932 

747 

‘646 

1927 

1024 

398 

1933 

824 

616 

1928 

1088 

543 

1934 

864 ' 

683 

, 1929 

998 

800 

1935 

939 

750 

.-{^1930 1 


, 712 

193/i , 

■ 899 

. ! -721-, 


• 

1 ( 

•'1937 

' ‘993 

•• »-«3? 





Coftsdn^im 


2St 


' Whttt is corralfttioa? - Cakolata the coefficient of correlation 
"* from the fofiiowing table:— 


Year 

Area under tea 
in *000 acres 

Production in 
’000,000 lb. 

1925 

728 

364 

1926 

739 

393 

1927 

756 

391 

1928 

776 

404 

1929 

788 

433 

1930 

804 

391 

1931 

807 

394 

1932 

809 

434 

1933 

818 ; 

384 

1934 

826 1 

399 

1935 

832 ' 

394 

« .1936 

834 j 

395 


(1939-Oct.) 


10. Calculate the coefficient of correlation irom the following 
figures. Is there any marked correlation between the 
.. uroduction and. price of tcj, ? 


Year 

Production in 

crores of lb. 

Price 

per lb. 

Year 

Production in Price 

crores of lb. per lb. 

1920-21 

34. 

0 -8-6 

1925-26 

36 

1 -0-6 

1921-22 

27 

0 -8-0 

1926-27 

39 

0-15-0 

1922-23 

31' 

0 -11-0 

1927-28 

39 

0-9-6 

1923-24 

38 . 

0-15-0 

1928-29 

40 

0-13-0 

l924+2f ^ 

.38 

0-15-0 

1929-30 

44 

0 -12-0 







m 




il# thft dftlA SiiiNlQ C4ilcutftti tbd coiffittiiiit ^ ciWiNAltiOft 

between the area under cotton and tte fikm W adeo between 
the price of cotton and its yield. 


Y«ar Area under Cotton in 

price 

Yield of jakhs of 

lakhs of acres 

per candy 

bales of 400 lb. 

1914-15 

152 

193 

49 

1915-16 

114 

300 

51 

1916-17 

138 

414 

50 

1917-18 

154 

594 

45 

1918-19 

144 

676 

40 

1919-20 

153 

549 

53 

J920-21 

141 

320 

49 

1921-22 

117 

483 

60 

1922-23 

136 

481 

63 

1923-24 

154 

659 

60 

12. What is 
following 

coefficient of correlation ? Find 
pairs of values. 

its value for the 

X 

Y 

X 

Y 

3 

11 

10 

6 

6 

9 

9 

6 

6 

4 

12 

5 

12 

8 

14 

3 

0 

12 

7 

7 

17 

0 


{ 1^47-^Oct.) 

13. Calculate the correlation coefficient between X and Y given 
by the following table. 


X 

Y 

25 

52 

29 

57 

38 

69 

43 

76 

45 

79 

49 

84 

55 

92 

59 

96 


{ W49-0<!t.) 





mi 

Ilk. IKInit i«fiMuit tv f 60rr«lAtioB DOAflMQ&tl Wtot is its 
OMfoliwss? The jfollowing tai>Ia gives the income and 
expeoditare on lood of 10 working class families in 
Ahmedabad in 1932-33. 


Income of family 

Expenditure on food 

in rupees 

in rupees 

m 

10.2 

25 

12.3 

35 

15.9 

45 

19.6 

55 

22.6 

65 

26.8 

75 

29.4 

85 

32.0 

100 

42.5 

105 

43.0 


Calculate the correlation coefficient between income and 
expenditure on food. 

(1949-March). 

19. Calculate the coefficient of correlation from the following 
table and explain the meaning of probable error. 


Acreage under cotton 

Mean annual price 

Year 

in millions 

per candy 

1927-28 

25 

347 

1928-29 

27 

367 

1929-30 

26 

341 

1930-31 

24 

232 

1931-32 

24 

184 

1932-33 

22 

201 

1933-34 

24 

198 

1934-35 

24 

208 

1935-36 

26 

225 

1936-37 

25 

210 


(1940-Mar,) 


Calculate ^ conalatioo coefficient between (i) wstimated 
gield pnr acre and (ii) (be avenue rates of assessnmt per 







switei 16 thd SMftitnenf Groups of % distirtet Irom 


ing^ data 


1 


Estimated 

Average 

Estimated 

Average 

yield 

assessment 

yield 

' assessment 

pei; acre 

per acre 

per acre 

per acre 

in Maunds 

m Annas 

in Maunds 

in Annas 

2.7 

18 

4.2 

26 

3.5 

21 

3.5 

19 

2.1 

9 

3.9 

30 

5.3 

34 

4.5 

33 

2.9 

19 

6.1 

40 

3.6 

21 

> 6.6 

40 

5.0 

29 

5.4 

27 



4.4 

13. 


17. Ten students got the following percentage of marks in 
Mathematics and Statistics : 

Student 123456789 10 

Marks in Mathematics 78, 36, 98, 25, 75, 82, 90, 62, 65, 39, 

Marks in statistics 84, 51, 91, 60, 68, 62, 86, 58, 53, 47. 

• Draw a Scatter Diagram and find the coefficient of 
correlations. 

(1946-Oct) 


18. The following table gives the mArks‘Obtained in two subjects 
by students in a class. 





Ai' .COe^nliiie ."the «Ktentrto which'capacity*ki oiiA'subject is 
tbixelated with capacity in the other. ‘ ■ > *'< »• “ 

U I ' ‘ I ft 1- i ^ I ‘ * * 


Serial number of 

students 

Marks in 
Subject A 

•! , ■ Marks m 
Subject B 

1 

81 

' ' 71 

2 

1 • 

71 

' bO 

r t 

3 

65 

47 

4 

56 

64 

5 

47 

73 

6 

83 

53 

7 

72 

61 

8 

67 

77 . 

9 

60 

82 

10 

47 

42 

11 

86 

64 

12 

75 

69 

13 

69 

51 

14 

59 

51 

15 

39 

61 



(1944-Oct) 


19. (a) Draw a Scatter Diagram to represent the following data 
sharing for apple tress the size of crop (x) and the 
percentage of worm-eaten apples (y) on each tree. 

X 8, 6, 11, 22, 14, 17, 18, 24, 19, 23, 26, 40 

(hpndrdes 
of apples) 



. m Sfk S3, 50, 43 . 45 , it 39^39, itV, 
Witb ^ help of the Sea^r DiagraiD estimali wai993 
the aumber of worm-free apples for a tree with a fkS4 -of 
2000 apples. 

ijb) Calculate the coefficieat of correlatioo between siae of 
crop and percentile of worm-eaten apples from the above 
data. (1946-Mar .) 

20. Find the coefficient of correlation between marks 
obtained by candidates at an eKamination in two subjects 
A and B from the following data:— 


Subject A Subject B. Max. marks SO. 


Max , marks 50 j j J5_20'21-25 1 26-30j^31-35 j Tot^ 


1- 5 

. - - - i 

1 

i 

1 



1 

1 

6-10 

i 

■ 1 

1 

8 

1 

7 

1 

IS 

11-15 

i 

2 

1 

4 

14 

4 

25 

16-20 

1 


7 

13 

6 i 

26 

21-35 

i 



2 

4 

1 

7 

26-30 



1 



1 

31-35 




1 


1 

Total 

2 

3 

to 

to 

39 

13 

79 






?SRr 

/It; Wlkttl is ? Find the coefflcient of c^iebition be* 

t«MB tibe heights md weights of 90 students m given below. 


flaiebt 




Weights in lb. 




is 

ioches. 

90- 

95- 

100- 

105- 

no- 

115- 

120- 

125- 

Total 

54~- 

1 

l 

1 






3 

56— 


2 

3 

2 





7 

58— 


1 

4 

6 

1 





60— 



5 

10 

6 

2 



25 

62— 




9 

8 

6 

2 


23 

64— 




4 

3 

5 

1 


13 

66— 





3 


1 

l 

5 

6»— 

' 





1 


1 

2 

Total 

i 

4 

13 

31 

21 

14 

4 

2 

90 

22. Calculate 

the 

coefficient 

of correlation between the ages of 


husbnnds and wives from the following data. 


Husbands 




Wives 






15- 

20- 

25- 

30- 

35- 

40- 

45- 

50- 

Total 

55—60 





4 



3 

7 

50—55 




4 


5 

3 

1 

13 

45—50 





7 

6 

2 


15 

40—45 




8 

10 

2 



20 

35—40 



11 

15 

4 




30 

30—35 


7 

15 

11 





33 

25—30 


18 

10 






28 

20—25 

9 

5 







14 

Total 

9 

30 

36 

38 

25 

13 

5 

4 

160 


23. Calculate coefficient of correlation between the price and 
the spinning value from the correlation table given below 
for 47 different varieties of cotton:— 



Adjusted price in rupees per Candy 







i 


h T'vv 
rf j: ..»/»;: ;►;■ *. i 


t i- 


rT I ^ir.V/ 'J!' 
a* J 


Spinning Value of Cotlon 


, 

12 

17 

22 

27 

32 

37 

42 

3 

o 

H 

310 







1 

1 

290 


- 



1 

1 


l! 

270 



1 

1 

1 



3 

250 

' . _ 

1 

4 

6 

3 

■ 

1 


15 

230 

1 

1 

2 

4 

; 6 



13 

210 


"'i 

[ 

2 


1 


5 

190 

' 1 

1 i 

1 

2 

1 

! 


1 


5 

170 

2 

1 






3 

Total 

5 

5 

8 

13 

11 

4 

4 

47 


(194l-M4r.) 


f 




vvPfffiiilWIQii' 


mS^ 


ft brief r<^rt oo the relation between the size’bf^fhe farms 
ftad the i^ profits from the following data. 



( l943--Oct. ) 





Yield of wheat per builds 


Ml MaMMtof 

^ tbn 9opiiMi<^ irom 


Nitrogen applied m pounds per acre 



0-20 

20-40 

1 

1 o 

Li. 

o 

*? 

s 

80-100 

100-120 

o 

1 

o 

140-160 

s 

i i 

s 

1 

Totul 

32-36 


1 

i," 

) 

i's 

16 

12 

4 

5 

h 

44 

1 __ 

23-32 


... 

1 

1 

21 

8 

4 

1 

... 

35 

2^-28 


- 

16 

19 

•• 


" 

• 


35 

20-24 


... 

13 



.. 

... 

... 


13 

16-20 



l'” 

, 

... 

1 

- 

... 

... 


12 

12-16 


8 

... 

... 

... 

... 

! 

... 

... 

_ _ 

8 

8-12 

! 

3 

1 

5 1 

___ 1 



... 

1 

1 


1 i 

■■■! 

8 

4-4 ^ 



... 

... 

1 ' 

1 

... 

r 

[ 

1 

... 

10 


8 

... 



... 

.. 

... 

... 

... 

8 


— 


i ! 


— 



— 

— 

-- ^ 

ToUl. 

21 

25 

i 


44 

37 


8 1 

6 

2 

193 


(1919-Mw.) 








S0i 



(1947-Mar.) 

27, Calculate the coefficient of correlation between x and y from 
following data _ 


\ * 


20-30 


! 40-50 

! 50-60 ! 60-70 

1 70-80 

rtotaJ 

y '''' 

i ' 


1 


i 

\ 


! 

10-20 

i 1 

t 

1 

I 

1 

1 


i . 

i i 


\ 

I ’ ' 

t 

5 


1 

1 

1 

1 ^ 

9 

7 

' 3 I 

t 

2 t 

f 

?5 

30-40 

1 

1 

3 1 

1 j 

14 

1 50 

i 

8 i 

4 ; 

46 

40-50 

, 1 

I 1 

f 1 

1 6 j 

: 4 1 

1 ^ 

1 i 

1 ' 


16 

50-60 

‘ 3 1 
' 1 

4 ' 

1 

1 

' 1 ^ 
1 

j 

J 

1 

j f 


8 

Tidal 

4 

13 

1 

16 ' 

29 

20 i 

m 

6 


^ J .1 

k 


1 



HHli 
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' ^INtSfepblATTON EXTRAPOLAtjON 

«♦* /f 

^ let the course of statistical Study it very often transpires 
th^t^one or more fibres m a statistical series are anyhow missh^ 
and they are required to be inserted by estimating them with as 
much care and accuracy as is possible. It is likely that while 
compiling the table of sales of an establishment for the last thirty 
yeaars, the sales figure for a particular year is not available-due 
to the destruction of records by fire or because of some other 
reason. We might have to ascertain whether' there has been a 
cwrelation between the sales of this establishrpent and those of 
the other. If this missing amount is not inserted the coefficient 
of correlation is difficult "to be ascertained. A teacher may be^ 
interested m the quarterly results of his students and the record 
may be incomplete because the test was not taken for a certain 
quarter in fee period. A census of a country is normally taken 
once in ten years but birth and death rates are compiled for each 
year and are expressed in relation to 1000 persons of a place. A 
census is usually a decennial process and as it involves a 
considerable expenditure as well as energy actual inures of 
population of each year cannot be had and to calculate the 
birth and death*' rates on the preceding census figures \yill be 
wrong the population of a place does not remain stationary^ 
It wiU hcj; therefore, necessary to havje intercensual figures for 
this purpose. Again, sometimes it is found that the data per- ^ 
taimng to a particular topic is grouped by different persons in 
different types of groups and this makes it almost impossible to 
make a comparison. For example, a certain municipality may 
group its population by making age-groups of fifteen years 
while the ofeer may have them of ten years. In such a casa it 
IS not possible to calculate the corrected death rate of that place 
to effect a proper comparison of the death rates of the two places ^ 
under consideration. The problems of the type described above 
can be, to a great extent, solved by interpolation. 

Tbediefcionary meaning of the word Hnferpolate* is ‘ta msac^ajl / 
asjurip as wwd or gasa^ in a manuscript or bpplr pf ^ QQif|ig|)t 
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of the Tam Thei ^^onl * 

Isis' dmm to m«dix s spurious word or possagc; 
inserted but in mathematics as well as in statistics.thts .word is 
not used in such a bad sense. On the contrary, in conveys the 
iitik of Ming up intermediate terms of a according 

fe^^tbe law bf the series Interpolation is, therefore, ^the insertion 
of ibe most likely Estimate based on certain assumptions such asy 
the ptevaleAce .of the normal circumstances and possession 
the knOWlege of the course *0f events by the interpolator. If, for 
e^mple, the missing sales figure fora certain year is to be 
interpolated or inserted in the table - of sales for the last 
thirty years ‘ it \yffl be of great importance to know if in that 
particular year ndrmal circums^ces prevailed or not. It is 
Rkely that there may have been a violent outburst of a disease 
like plague or influenza because of which sales might hkve 
been considerably reduced in that particular town. It is equally 
possible^thatth^ year may have proved to be an exceedingly 
gfiOdyear from flie sales point of view. In normal timefe noriml 
results are anticipated and so the estimate prepared for an average 
year will not be suitable for an abnormal one. Again, the 
course of events requires to be given proper iPiportance. The 
sfftlcle in question might have been in fashion at one time but 
Aot at the other or other substitutes of even better type migh't 
have been available thus adversely affecting the sales. / ^ ^ 

, Interpolation supplies us with the m:ssip§ link while extra 
potation also palled‘Projection’helps us in forecasting, A sales 
manageC'has to order hie stock of goods in advance and to keyp 
an adequate stock of goods particularly of seasonal goods. 
Woollen goods 4n India can be sold only ia certain months 
of the year as such/ goods .will bq in demand only for winter 

wear which is required for a few months, ^ onjy.v ,If thft 

stock falls short of demand there may not be enough' 
le^ fo get the necessary supply in time* If correct forecastings 
itnot .inadeaiidtqo large a stcmk is purchased the^ capital may 
remaip goods which cannot be sold for* a ,considerable 

period 4 of time »•: o, itp eoming of. the aactfaoason. 

Ip jmodemt times wheh "^theie is^ipfOductioa* onpg^yei^r kpe 

scale extrapolation plairs a very important 
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tsiilxnee xiormai oir(mmtttXkc^ dsd aikliiiste kiiDi^Mp 19| 
Ih# eoitrse of evimts. 

Attttmplioiis:—The degree of accuracy in case of toMr^ 
potation as well as extrapolation will mainly depend upon ^ 
conformity of the assumptions to the actual circumstances. It is 
generally assumed that there are no sudden or fortuitous changes 
from one period to the other end that the rise or fail in the absence 
of evidence to the contrary has been more or less uniform. When 
we are to forecast sales of the coming year we naturally 
assume that the trend of sales will remain the same and so 
the rise or fall will be maintained and that there will be no 
possibility of any sudden change in the situation. But if the price 
of the article under consideration is» all of a sudden, controlled 
by the Government or it is decided to ration it out and not to issue 
it as freely as is usually done, our forecast is sure to be upset 
Besides, there are certain cases where psychological inflaenGes 
upset the estimates. The sales of foreign goods in India after the 
Swadeshi movement went down considerably* Quotations in the 
share market may have been rising steadily but ail of a sudden 
due to some psychological influence the rates go down. In short 
it is on these assumptions that the correctness or otherwise of 
interpolations as well as forecasting largely depends. 

As all the figures that are interpolated or extrapolated are 
only estimates made under certain assumptions and not the real 
figures it is necessary that they should be indicated as such. In 
the absence of this there is a danger that some one may take 
them as Actuals and not as estimates and base his 

estimates on these estimated figures and, conseqiuently, his results 
m likely to go off the mark. In matters of crop estimates it 
happens that sometimes the rec}uired crop-returns for a certaih 
district are not received in time and as the returns are to be 
sxibmiWed on the particular day estimated flgUres are put 

in a note to that effect. Even then it is neoess^rry that 
the aote ^^uid explain the method adopted in mrrivtng ^ the 
legnkad %tini as it rs ISmIy that different mei^ods may be made 
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d#ic©' obmmtMiJy used to put 
puiVitms yetar^s figure uulese the circumstances !hs,ve 
cmistderably changed or to take m average of the last three or 
five years to remove the effect of fluctuations. The other method 
is to estimate the missing figure by ascertaining the ratio as 
iHustrated in the following example of the wholesale prices of 
tea at important centres, , 

Table No. 1— Wholesale prices of tea per lb. 


Centres 

April 1935 | 

April 1936 

Assam 

0-7-3 

1 

00 

1 

o 

Cachar 

0-6-4 

T 

00 

1 

o 

Sylhet 

0-6-6 

0—8—1 

Darjeeling 

0-8-9 

0-13—8 

Dooars 

0-7-5 

0-8-10 

Tarai 

0-7-0 

O 

1 

oo 

1 


Assuming that the price for the Cachar centre is not known 
for April 1936, the average of the prices for the remaining centres 
will be ascertained for both the years. For April 1935 the 
average comes to 

0-7-3 + 0-6-6 +0-8-9 +0-7-5 +0-7-0 
— - — ^ —-:::3: 0--7-4.6 While 

that for April 1936 it is 

0-*8—2+0—8—1 +0—13’^8 +0—8—10 + 0-8-3 
-- --^---~ 0-9-4.8. 

The rise, therefore, is from 0-7-4,6 to 0-9-4,8 i. e. in the 
ratio of 886 : 1128. The estimated price for the Cachar centre for 

1128 X 76 

A^iU 1936. by 4bi« method will be-"-—ggg-= 0-8-1.9. The 

actual quotation is 0“8“O and is not very far from the estimate, 

39-40 
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Tfe© importani: methods of ioterpoJation most commpoly used 
are two, Graphic and the Algebraic. The former is switable only 
in the case of a continuous series and in the case of problems 
of cyclic character it is found that the results obtained are fairly 
accurate under normal circumstances. 

The Graphic Method: —When interpolation is to be done by 
the graphical method the available data of the series is repre¬ 
sented graphically by using the abscissa to indicate the various 
intervals of time and then effort is made to complete the remain¬ 
ing portion of the curve by free hand or by joining the preceding 
and succeeding points which will give us the missing figure as 
will be seen from the following example. 


Table No. 2— Statistics of Indian Railways 


Year 

Total mileage {in hundreds.) 

1928 j 

397 

1929 I 

409 

1930 

417 

1931 

422 

1932 

428 

1933 

429 

1934 

429 

1935 

430 


Let us suppose that the mileage for the year 1931 is not 
available and it is required to be interpolated, it being, however, 
known that it was not an abnormal year, 


On a piece of graph paper the available data will be repre¬ 
sented by showing on the base line the irarious years beginning 
with 1928« Th^ miUege will be indicated by the ordinate by 
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taking ?t couvenient scale. From the diagram will be seen 
that the points A, B and C are representing the mileage for the 
years 1928, 1929 and 1930. The mileage for the year 1931 is 
not known and that for the years 1932, 1933, 1934 and 1935 hds 
been indicated by the points D, E, F and G. The easy method is, 
to complete the curve A G by joining C to D by fr$e‘‘hand 
cutting the ordinate for the year 1931 at L which gives nearly 423 
as mileage for that year. The actual figure is 422 and the 
difference is only of one hundred miles which comes to about 
0.2% The other method is of joining the two points by straight 
line cutting the said ordinate at M thus giving roughly 422.5 as 
the mileage. The actual difference in this case is of one-half 
unit and the percentage of error is almost 0,1%. 

Interpolation of mileage in 1931 



Fl«. No. 1 
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In this esse we have based our estimate only on the 
figures of the preceding and succeeding years and have inters 
pointed the figure by joining the points. But when we have 
in our possession figures for other years as well it is better to 
take them into consideration, as this will help us to arrive at a 
more correct estimate based on the figures of more than two 
years. The average of the two preceding and the succeeding 
years should be obtained which can be done by bisecting the 
lines BC and DE at X and Y and then joining these points 
cutting the ordinate for the year 1931 at N giving 421.75 units 
as the mileage for the year and it is far more correct, the error 
being only 0.06 percent. In this method the figures for more than 
two years have been taken into consideration and so the result is 
more dependable than the one arrived at by the previous method 
of joining only the points of figures for two years only. 

In the above case the figures for the various years except 
one were given and so the interpolation was found to be more 
correct. But when the actuals are given for larger intervals 
of time as in the case of a census the possibility of 
accuracy becomes less and the second method will in such a case 
give better results. The census is taken once in ten years and so 
the actuals \^ill be available for every tenth year. The figures for 
the intermediate years will have to be obtained by interpolation. 
In such a case the population curve will be drawn with the help of 
the various census figures and for the intermediate or inter- 
censual years the figures will be obtained by observing the values 
of the points where this curve will cut the ordinates of the years 
concerned. 

Use of Correlation Curves:— If there exists a good 
degree of correlation between two series aud if a figure is to be 
interpolated in one of them it will be very helpful to study the 
close relation between them and then to complete the portion of 
the missing curve by maintaining the same degree of resem¬ 
blance between them. This is a very simple process and will be 
found of great utility in statistical matters such as rainfall or 
temperature at two places, prices and circulation of money, 
production and prices, etc. 
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The jJLlfeSraic Method:— The graphic method is suitable 
for the series having cyclic fluctuations but in the case of those 
that do not show a fair degree of periodicity it fails to give 
a fairly accurate result. In such a case the algebraic method is 
found to be more suitable, assuming of course in both the cases 
that the changes as well as the rate of changes in the series are 
more or less continuous and not sudden. The following are some 
of the algebraic methods used for interpolation. 

Fitting with a Parabolic Curve: —The first method 
consists of talcing X and Y as variables and then assuming that 
the value of Y depends upon that of variable A in such a way 
that from the given value of X, that of Y can be estimated from 
the following equation of the parabolic curve which is assumed 
to pass through all the points representing the different values 
of Y, 

Y = A BX -f CX‘^ + DX.NXn .(i) 

Table No. 3— Population of India 


Year 

1 

1 

Population in millions 

1881 

• 1 

! 

254 

1891 


287 

1901 


294 

1911 

1 

315 

1921 


319 

1931 


353 

1941 

1 

389 


In the above table decennial figures are given and it is 
required to interpolate the population for the year 1935. 

If X stands for the year and Y for the population the equa¬ 
tion (i) given already stands true for all values of X and Y. 

The four known points would help us to determine the value 
of a, bj c, d» 

Taking a: =“ iQ ~ 
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/. 3)«=s353-y 

the equation (i) then becomes y=A + B*+Ca®+DA: (ii) 

when X is 1911 Y is 315 

. 1911-1931_ _ . 

’ 10 - — 2 


y=353 - 315 = 38 

Substituting these values in equation (ii) we get 
38^A-2B + 4C-8 D 

when X is 1921 Y is 319 

1921-1931 , ^ 

• • x~ — = —1 and 3 ? = 353— 319=34 

Substituting these values in equation (ii) we get 

34-A-B-fC-D 

when X is 1931 Y is 353 

_ 1931—1931 . j oca aco^n 

X = -- =0 and y - 353 — 353 * 0 

Substituting these values in equation (ii) get 

0-A + o-fo + o . . 

when X is 1941 Y is 389 

1941—1931_-, . _ 

- —1 and y =353 — 389= -36 

Substituting these values in equation (ii) we get 
-36 = A4-B + C + D 

From the above equations we will have to calculate 
values of A, B, C and D. 

By taking equation (iv) and (vi) and adding them we get 
34=A-B + C-D 

- 36=A + B + C + D 
-2 = 2A4-2C ‘ 

or — 1 — A + C 
As A=0 

we get - 1 =0 + C or C = — 1 


(iii) 


(iv) 


(v) 


(Vl) 

the 


(iv) 

(vi) 

(vii) 

(v) 



t*it«r^ol<$tion and^ B'sdtttpeiaHm 


9y muHiplyiag equation (iv) by 2 and tbtta subtracting 
equation (iii) from it> we get 

68=2 A-2 B + 2 C-2 D . (iv)X2 

38= A-2 B + 4C-8 D 


30=A 


- + 
-2 C + 6D 


Substituting the values of A=0 and C=— 1 we get 
30=0 + 2+6D 

d=4-2 

3 3 

Substituting these values an equation (iv) we get 
34 = 0-B-1-4 ?- 


B=-39- =- Y 

Again by substituting the values of A, B, C. and D in 
(n) we get 

y=zO-^ --~ .(vill 

Now w^hen X is 1935 

_ 1935-1931 2 

^10 5 

Substituting this value of x in equation (viii) we get 


119 ^ 2 _ 

3 5 

-5950-60+112 


H 8 
25 3 125 


- 15.7 


Substituting this value in equation 
y = 353—Y we get 
-15.7=353-Y 
.•.Y=368.7 
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Bjr this method instirauce prammms for the inferveaing 
period can be easily ascertained as will be seen from the 
following example. 

The annual premiums to secure an endowment policy of 
Rs. 1000 with profits payable at the age of 60 or at death if it 
occurs earlier are as follows:— 


Age at birth day Annual Premium 


20 

Rs. 23- 2 

23.123 

21 

Rs. 22-13 

23.81 

22 

Rs. 24- 9 

24.56 

23 

Rs. 25— 6 

25.38 

24 

? 


25 

Rs. 27- 2 

27.12 ' 

It is required to interpolate the missing figure of premium. 

If X stands for the age at 
the equation 

birthday and Y for the premium 

, Y = A + 4 . 

... 0) 

stands true for all values of X and Y. 


Taking a: = X — 23 
then becomes- 

y=25.4-Y the 

given equation 

y=A + Ba: 4-C -f 

. 

... (ii) 

When X is 21 Y is 23.8 


*=21—23=—2 and y 

=25.4—23.8=1.6 


Substituting the values in 

equation (ii) we get 


1.6=A—2B44C—8D 

. 

... (iii) 

When X is 22 Y is 24.6 



.1=22—23=—1 and y 

=25.4—24.6=0.8 
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By »tbstittttion we get 0.8=A'—B+C—D ... (iv) 

Whed X is 23 Y is 25.4 

a?=23—23=0 and Y =25.4 -25.4=0. 

0“A 

When X is 25 Y is 27.1 

.-. ;c = 25—23='2andy =25.4—27.1» —1.7 
I y substitution we get—1.7 = A + 2B + 4C + 8D (vi) 

By adding equations (iii) and (vi) we get 
1.6 = A—2B + 4C—8D 
-1.7 = A + 2B + 4C + 8D 
-0.1 = 2A +8C ... (vii) 

ButA = 0 .-. -0.1 = 0-^8C .-. C= —.012 
Multiplying equation (iv) by 2 and adding it to (vi) we get 
1.6 = 2A-2B + 2C-2D 
-L7 = A + 2B + 4C + 8D 
-0.1 = 3A +6C + 6D 

Substituting the values of A = 0 and C = — .012 we get 
. -U.l = 0-.07+6D .’. D= -.005 

Substituting these values in equation (iv) we get 
0.8 = 0-B-.012+,005 weget B= - .807 

Again by substituting the values of A, B, C and D in equation 
' ii) we get 

y = 0-.807^-.012x*2-.005a-'*... ... (liii) 

when X is 24, a; = 24 — 23 = 1. 

Substituting this value in equation (vin) we get 
y = 0-.807-.0l2 - .005 
= -.824 

Substituting this value in the equation y = 25.4—Y 
- .824 = 25.4—Y we get Y—26.224. 

The premium, therefore, works to Rs. 26-3-7. The actual 
imount given in the Premium Table of the company in Rs. 26-4-0. 

Lkifranje’s Formula—The other method is of using this 
formula. In that case the problem of interpolation of population 
or the year 1935 can be worked as under ;— 
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“ {Xo - X, )(xt> -X2 ) 


... (x -^Xn ) , 

... {xn —Xn ) 


^^{x—Xo){x—x ) 

{xi — X ) (.»ri — ATi) ... 

(x — x ) 

(a*,- Xr, ) 


+ 

ix--Xo)(.X - ATI ) ... 

{Xn—XoXXn —A-,) 

(.r—A- 

('A*n A'n — j) 

As it is required to estimate the population in 1935 we have 

Year 

Populatton 

1911 

315 y 

1921 ... A* 

319 yi 

1931 ... a2 

353 y 

1941 ... X 

389 y 

Y for 1935 = 315^^^-^^-(1935- 

Y lor 1933 3l5^gjj_^g2i)(i911- 

]931)(1935-1941) , 
■1931) (1911 -1941) 


0935—1911) (1935—1931) (1935—1941) 

^ (1921—1911) (1921—1931) (1921—i941) 

(1935—1911) (1935—1921) (1935—1941) 
(1931-1911) (1931—1921) (1931—1941)’^ 

(1935—1911) (1935—1921) (1935—1931) 
(1941—1911) (1935—1921) (1914—1931)’^ 


Y for 1935=315 


14x4x(-6) 
(-10)(-20) (-30 


+ 319 


24 X 4x( -6) 
10 (- 10 )(- 20 ) 


+ 


24xl4x(-6) 24X14X4 

(20xl0x(-10) 30X20X 10 


.315(—336) 319(-576) 353(-2016) 389 X 1344 

-6000 ~ '2000 -2000 6000- 


315 X 336 - 957 X 5^+1059 X 2016 4 389 X 1344 
6000 


_ 48 / 
600 \ 
_46091 
f25 


2205 - 11484 + 44478 f 10892 


} 


= 368.728 



int$rpdaiim aM Ba^ira^daiion US 

EXTRAPOLATION 

Extrapolation or forecasting is the process of making ilefinite 
estimates of future conditions by working on a systematic and 
reliable basis. It does not depend upon the application of some 
mysterious or magic process but upon practical analysis of the 
past and present conditions indicating the nature of probable 
future conditions. It is a guess based on the assumption that 
there would be no sudden changes and the conditions in the* future 
w ill not change considerably. 

Forecasting is subject to wider margin of error as compared 
to interpolation as the former relates to the distant future as 
the data to be obtained will not be as certain and accurate as in 
the case of the latter. There are possibilities of such changes 
as are not likely to be anticipated and this is very much true in 
economic statistics. Who could have forecast the economic 
disorder due to the transfer of population from Pakistan or 
Hindustan and vice versa after 15th August, 1947 ? All 
estimates of production and sales are upset because of this 
unexpected event. 

The simple method of extrapolation is of continuing the 
curve of the time series of the observations recorded keeping in 
view the trend of the past events. If instead of using the natural 
scale graph paper the logarithmic graph paper is used or 
longarithms of the data are plotted on the ordinary graph paper the 
forecast is likely to be more correct because the rate of change in 
case of a phenomenon is more likely to be maintained than the 
absolute amount of change. 


Population of India 


Year 

Population in lakhs 

Logarithm 

1891 

2794 

3.4462 

1901 

2839 

3.4532 

1911 

3030 

3.4814 

1921 

3057 

3.4853 

1931 

3381 

3.5290 

1941 

3889 

3.5898 
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<;aae a forecast is to be made for estimating the 
|K)pnlation in 1951 the population figures given should be 
plotted and the curve obtained should be extended in the same 
strain cutting the ordinate for the year 1951. This point will 
give the estimated figure. The other and better way is to use 
logarithmic graph paper instead of ordinary scale graph paper 
for this purpose. The purpose can as v^ell be served by plotting 
the logarithms of these figures on an ordinary graph paper. As 
said above due to sudden changes the forecast is not likely 
to be as correct, as it ought to have been, if circumstances would 
have remained normal in the country. 

The work of forecasting is of a specialised nature and in 
foreign countries a number of institutions have been established 
to render forecasting services and of them Babson is of one of 
the oldest. 

Exercise 

L What is interpolation ? What is its utility and how can it 
be done ? 

2. On what assumptions does the accuracy of interpolation 
depend ? 

3. Name the methods of interpolation and describe fully the 
one you recommend. 

4. Write short notes on :— 

projection algebraic method of interpolation and Lagrange’s 
formula. 

5. Under what conditions extrapolation IS likely to give correct 
results ? Explain the working of the graphic method for 
forecasting- 

6. The Census figures for various years are giv^en and you are 
required to interpolate the figure for 1921. 


Years 

Population in India 
(in millions). 

Years 

Population in India 
(in millions) 

1381 

253 

1911 

315 

1991 

287 

1921 

? 

1901 

294 

1931 

352 
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7# The following table gives the sales of a concern for the 
follow!':;>g years. 

Years Cloth in lakhs of yds Years Cloth in tsdchs of yds 
18S5 125 1930 238 

1920 163 1935 282 

1925 204 

Assuming the conditions to be the same estimate the sales 
for the 3 ear 1940. 

8. Estimate the population of Bengal in 1941 based on the 
figures given below :— 


Year 

Population in lakhs 

Year 

Population in lakhs. 

1881 

363 

1911 

455 

1891 

391 

1921 

467 

1901 

421 

1931 

501 


The following table gives 
different years. 

the number 

of factories in 

Year 

No. of factories 

Year 

No. of factories 

1898 

1098 

1918 

3436 

1902 

1533 

1922 

5144 

1906 

1855 

1926 

7251 

1910 

2359 

1930 

8148 

1914 

2936 

1934 

8658 

Estimate 

the number for 1938 by the Graphic method. 







19» Ifttisrpalittd the mis^iag figure by the graphic meshovi 
Statistics of sugar industry in India. 


Year 

No. of factories 

Year 

No. of factories 

1929—30 

27 

1933—34 

112 

1930—31 

29 

1934—35 

130 

1931—32 

32 

1935—36 

? 

1932—33 

f7 

1936—37 

no 



1937—38 

146 

The number of students in a recognised institution of India 
for the last nine years is given below. Estimate the number 
for the year 1936-37. 

Year 

No. of students 
in lakhs 

Year 

No. of students 
in lakhs. 

1927-28 

111.6 

]932-33 

121.2 

1928-29 

115,5 

1933-34 

12+.9 

1929-30 

119.0 

1934-35 

128 2 

1930-31 

120.6 

1935-36 

131.2 

1931-32 

121.2 



The following table gives premiums 
to secure an endowment policy of 

pa> able annually 
1000 with profits 

payable at the age of 60 or at death if jt occurs earlier. 

Age at birth 
day 

Annual 
Premium Rs. 

Age at birth Annual 

day Premium Rs. 

20 

23-2 

25 

27-2 • 

21 

23-13 

26 

? 

22 

24-9 

27 

29-1 

23 

25-6 

28 

30-2 

24 

26-4 

29 

31-5 


Iijterpolatc the amount payable at the age of 26. 



CHAPTER XiV 

INDEX NUMBER 

While studying the different problems regarding prices, 
volume of trade, unemployment, deferred payment and others it 
is noticed that all the variables in the group do not register 
changes in the same direction. For instance, prices of some 
commodities will show rise while those of others may have gone 
down. Similarly imports of some articles might have incmased 
showing at the same time a decrease in those of others. Under 
these circumtances, it becomes inconvenient to estimate the 
relative changes without making use of some ingenious device 
such as an an ‘Index Number*. 

An Index Number is a statistical device for estimating the 
relative movements of a statistical variable and for measuring 
changes in the magnitude of a phenomenon from time to time or 
even from place to placeSupposing we are interested in ascer¬ 
taining whether the condition of agricultural labourer in 1946 
with increased wages is better or worse than their life as it 
existed ten years ago i. e. 1936, it will be very difficult to do 
so. Prices of some articles might have gone up while those of 
others might have dropped down and those of some might have 
remained stationary. It will be possible for an expert to give a 
rough idea but it will be impossible to gauge the situation 
correctly. We shall, therefore, liave to reduce these changes in 
the first place to a common denominator by turning them into 
percentages of similar measurements for the selected basic period 
and then to ascertain the average. This will give the index 
number or in other words a term in a time series expressed as a 
relative to a given base. If it is higher than 100 it can be 
concluded that prices have, on the whole, risen and then we will 
have to see if the rise in the wages is proportionate or not to 
express our opinion regarding their condition of life with the 
increased wages. The Index number is thus designed to show 
relative change or difference of a group of related variables. 

W. S. Jevons is credited with the first attempt in this direc- 
tiom In the latter half of the nineteenth century he made a careful 
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study of prices and as early as 1S65 published his study otf |»rices 
with Index Numbers from 1782 to that data Other topics such 
as wages, volume of trade, industrial activity could have 
as well bead taken up but the problem of prices appears to have 
attracted the attention of workers in the field mcnre than any 
other topic mainly because of the universal interest in this 
subject Rich as well poor are interested in this problem 
as it ultimately touches their daily life, A consumer as well as a 
producer has to face this problem without exception. Again, it 
has wide applicability in all economic matters, may they relate 
to production, consumption, exchange or distribution. Besides 
this, the data required for the construction of Index Numbers can 
be had more easily from municipal and government offices as Well 
as from the various chambers of commerce. 

Construction of Index Numbers of Prices: —The 
general principles involved in the construction of Index Numbers 
for the variouc problems are the same but as those for prices are 
most commonly used it is proposed to outline at length the 
technique of their construction. Though this problem of con¬ 
structing the Index Number appears to be simple it involves the 
consideration of the following major problems:— 

1. Purpose :— Before actually constructing an Index 
Number it is very necessary to define very clearly its purpose* 
It may be that it is to be costructed for studying the condition 
of the labour class or it may be required for that of the upper 
class. It goes without saying that the requirements of these two 
classes are to a great extent different. Rise in prices of luxury 
articles only will have no effect on the budget of the poor class 
while it will affect the cost of living of the other class. It is, 
therefore, necessary to bear in mind the purpose while making 
the selection of articles and also of their qualities fOr the 
construction of the Index Number. Even the mode of living 
and costoms and usages of the people concerned will have to be 
taken into consideration at the time of constructing Index 
Numbers as they materially differ with different classes of people 
and due to inattention to these things, Index Numbers obtained 
Will be far from satisfactory, 
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2 * Selaction of India: *An Index Number of Prices shows 
the average percentage change of prices from one point of time to 
another and so it has to 5e based on the prices of articles ruling 
in the market at the particular time. It is not possible to take 
into account the prices of all the articles exchanged in that 
market and so it becomes necessary to select some important 
commodities the prices of which will help us in the determination 
of the Index Number. The selection of such articles is required 
to be done with great care. The first requisite in this case is that 
the articles selected should be those as are widely used by the 
class of persons for whom the Index Number is to be con¬ 
structed. They should conform to the tastes and habits of the 
people. It is no use giving importance to articles like wheat 
ghee, silk, etc. when we are preparing an Index Number for 
labour. It is also necessary that the articles included in the 
list are such as can be easily distinguished and do not vary 
materially in quality. 

The other point of importance is of fixing the number of 
items to be taken. Different persons have taken different numbers 
of items. Babson is satisfied with 10 items only while in the 
list to U. S. Bureau of Labour Statistics the number is as high 
as 450. The articles taken by Sauerbeck amount to 35 while 96 
is the number fixed by Bradstreet. Even in the case of the 
Index Number of the two principal cities of India we find a great 
divergence. The Bombay wholesale Price Index Number is based 
on 40 items while that of Calcutta includes 72 items and for the 
same type of Index Number in Great Britain 150 items are taken. 
It is a matter of common knowledge that larger the number of 
items the lesser will be chance for error in the average obtained. 
We must, however, have a manageable number and also to aim 
at a reasonable standard of accuracy. To have a fair play of 
average the number should not be less than thirty and as far as 
possible not more than fifty. If the number is too large it will be 
difficult to collect reliable data and will also entail a number of 
calculations without proportionate rise in the accuracy of the 
results. What is needed to be seen most is not the number but 
representative character of the articles that figure in the list. 
Articles of food, clothing, rent, fuel and lighting, besides some 
miscellaneous items must find a place in the proper type of list, 
41-42 
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X Prices! —Closely related to the question of the selection 
of items is that of their price quotations which can be obtained 
from standard trade journals or from important dealers at 
representative centres. While compiling the price statements 
it should be born in mind that ^inverse prices’ should not be 
quoted i. e. the price given should not be so many units per rupee 
but so many rupees or annas per unit of a commodity. Coal 
should not be quoted as 16 seers to a rupee but as Rs. 2-’8H3 per 
maund. Money prices vary inversely with quantity prices and 
so the quantity prices are more easy to work out in the construc¬ 
tion of Index Numbers. Again, to ensure better results it is 
advisable to take a Standard Price which implies the price which 
can be regarded as representative of a given commodity for the 
whole interval under consideration. It would naturally be the 
average of prices during the interval under consideration. If 
weekly prices are to be taken it would be better to add up 
the quotations for all the days in the week and then to divide 
it by the number of quotations taken. For obtaining the 
monthly average it would be sufficient to take the average of 
weekly average prices and for yearly average, average of 
monthly quotations would serve the purpose. It would add to 
the utility of the Index Number if quotations are obtained 
from selected places and their average ascertained. This will 
not allow abnormal fluctuations to creep in due to changes 
of price factors in a place or two. Of course, in the days of 
controlled price system prevailing in the country the problem 
becomes a complex one as people do obtain their supplies at 
black market rates which are so difficult to register. 

Whenever price quotations are obtained they should be for 
the same quality of the commodity as with the change in the 
quality there would be a difference in price. The other point to be 
noted is that wholesale prices should be preferred to the retail 
ones as the former fluctuate less as compared to the latter and 
also conform more to the general trend of ruling prices. Retail 
prices register the rise more quickly than the faU and are 
influenced more by local conditions. In India, there is no trained 
agency to collect and maintain price statistics and particularly 
in the villages and upcountry areas statistics collected are 
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far from satisfactory. Great care and judgment is, therefore 
necessary in the task of compiling Index Numbers from this type 
of material. 

4. Weightage: —The main purpose of an Index Number 
of prices is to ascertain the changes in the price level. In case 
of a simple average all commodities will be given equal 
importance. But in actual practice different commodities command 
a different degree of importance with different groups of people. 
It has been found from the study of working class budgets 
of the Bombay City that rice is consumed far more than Jowar 
but in Sholapur the position is exactly reverse. This differentia¬ 
tion is taken into account by giving proper weightage i. e. by 
giving more importance to certain items by assigning weights 
in proportion to their importance or by taking more quotations 
of different qualities of the same commodity^ 

5. Choice of Base: —As already stated an Index Number 
shows the average percentage of prices from one point of time 
to another and so it becomes necessary to reduce the average 
prices to relatives by selecting a suitable base which may be a 
fixed base or a chain base. 

(a) Fixed Base Method :—In this method either the 
average price of some arbitrarily chosen year or the average of 
prices of a period of some years serves as the base for calculating 
the percentages. In taking the average price of a year there is 
the possibility of that particular year being an unusual 
year due to abnormal circumstances such as financial crisis, 
labour troubles or continuance of war. Averages based on such 
cases are bound to mislead us and to avoid this it is imperative 
to see that the period selected is normal. If otherwise, 
it is necessary to append a note explaining the peculiar 
circumstances. This difficulty can be got over by taking the 
average prices of a period of years which will help in reducing 
the effect of abnormalities to a very great extent. The period 
selected should be of at least five years if not more and then the 
prices of this period should be averaged to serve as base. K the 
data is to be considered at the end of the period it is much better 
to take as base the average of prices ruling during the entire 
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fwsriod. This will bd an idsal method but very often it is not 
easy to do so. In India the Wholesale price indices, All India 
Food, Industrial raw material, as well as, semi-manufactured 
indices are worked on a single-year-base. 

It is customary to take 100 as the average price cf the base 
year or ptriod and then the price of each year is calculated as a 
percentage to the price of the base year, or period. For instance, 
if the price of milk in the base year, 1939, happened to be annas 
six a seer and it is now nine annas the percentage price of milk 

based on the price of 1939 will be 100 = 150 

6 

(b) Chain Base Method: —In the fixed base method the 
base once selected remains fixed and all percentages are based on 
the average price of the base year or period. In the Chain Base 
Method this is diflferent. The base taken is not fixed and 
the relatives for each year are worked out on the prices of the 
preceding year. As in the case of chain there are rings concerned 
with one another by linking them with the preceding ones the 
relatives in this method are calculated upon the prices of the 
preceding year and the results are then linked together. It is 
mainly because of this chain-like process as will be seen 
from the example worked out that this method is known as 
Chain Base Method, The Chain Base Numbers are also called 
Link Index lumbers, 

6, Form of Average: —For constructing an Index Number 
of Prices any form of average such as mean, median, mode, 
geometric and harmonic mean can be used. From the practical 
point of view median and mode are not found to be suitable 
because of their being erratic. The harmonic mean as well 
as the geometric mean are difficult to compute and so usually the 
arithmetic mean is employed in this process as it has the 
advantage of being easily intelligible and with prop^ system of 
weightage the results obtained are quite satisfactory*/ 

Methods Adopted:^ —There are various methods of cons¬ 
tructing to Index Number of Prices but all of them are not 
e^tolly important 
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(1) Mulhod 9t A^ragal««: —^The working in this cftse is 
very simple and easy. Prices of different commodities per unit 
are taken for the years under consideration and their totals 
are then compared as shown below:— 


Commodity 

Unit 

Average annual price 

1926 

1928 



Rs. 

Rs. 

Wheat 

Per maund 

5-8-0 

5—6—0 

Rice 


7—4-0 

7-0-0 

Dal 

,1 ••• 

5-12-0 

6-2-0 

Ghee 

>» ••• 

64—0-0 

60-0-0 

Cloth 

Per yard 

0—8—0 

0-10-0 

Tea 

Per pound_ 

_ 

0-11-0 



83-10.-0 

79-13-0 


The conclusion drawn will be that prices in 1926 were 
Rs. 83-10-0 while they have gone down to Rs. 79-13-0 in 1928. 
Bradstreet adopted this method. He devided 96 articles in 13 
classes and then used to compare prices by this method of 
aggregates, In this method there will be no base year and the 
prices of any two years can be compared simply by taking totals 
of commodity prices, all items being given equal importance. 
This is not a trustworthy method as the results are liable to be 
easily manipulated. 

(2) Relatives of Aggregates Method:— As in the previ¬ 
ous method totals of the prices of the various commodities are 
taken but they are turned in to percentages by taking any particular 
year to serve as the base. Assuming the price totals of the 
different years in the previous example to be Rs. 91-6-0 in 1930 
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Rs. §5-2-0 m 1932 and Rs. 93-7-0 in 1934 the mtilts will be 
e^cpressed as under by taking 1926 as base year:— 


Year 

Total I 
Rs. 

Percentage 

1926 

83-10-0 

100.0 

1928 

7943-0 

9S.4 

1930 

91- 6-0 

109.3 

1932 

95- 2-0 

113.8 

1934 

93- 7-0 

111.7 


This method is a little better than the previous one but even 
then it is far from satisfactory. 

(3) Average of Relatives Method: —In this method 
percentages are taken of each item based on the questions of the 
base year or period and not on totals as in the second method. 
The average is then taken ol the total and it will give the Index 
Number of Prices. 


Commodity 

Unit 

1925 

1937 

Percen¬ 

tages 

1. Bajra 

Per maund. 

1 

Rs. 

1-8-0 

Rs. 

1-15-0 

129.2 

2. Cloth 

1 

Per yard 

0-4-0 

0-3“6 

87.5 

3. Salt 

Per 5 seers 

0-2-0 

0-2-3 

112.5 

4. Oil 

Per seer 

0-2-6 

0-2-0 

80.0 

5. Fuel 

Per maund 

0-11-0 

0-12-0 

1 109.1 

6. Spices 

Per seer 

0-1-0 

0-0-9 

75.0 

7. Tobacco 

Per bundle 
of Bidis 

0-0-9 

0-1-0 

133.3 

8. Rent 

' Per room 

3-0-0 

4-0-0 

133.3 

Total 




859.9 
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The Index number of Prices for the year 1937 based on the 
prices of 1925 is 107.48 or 107.5 and is obtained by dividing the 
total of 859.9 by 8 i. e. the number of items taken. If this 
example is worked out by the method of aggregates the total of 
prices for the year 1925 comes to Rs. 513-3 and that of 1937 to 
Rs. 7-4-6. By adopting the preceding method the percentage 
worked for Rs. 7-4*6 on the base of Rs. 5-13-3 will come to 
124.1 while our result has been 107.5. 

(4) Chain Base Method:— The base in this method is 
not fixed but the preceding year is taken to serve as base. 


Chain Relative Index Numbers ( 1935=100 ) 




Index Number of Commodities 


Chain 

Year, 

'“‘a 

B 

c 

d“ 

k 

1 Total 

Average 

index 

number 

(1) 

(2) 

(3) 

(4) 

(51 

(6) 

, (7) 

1 

(8) 

(9) 

1935 

o 

o 

1 

100 

100 

100 

100 

500 

100 


1936 

93 

112 

87 

94 1 

104 

490 

98.0 



93 

112 

87 

94 

104 

490 

98.0 

98.0 

1937 

97 

107 

94 

90 

126 

514 

102.8 



liiij 

95.6 

108.0 

95.8 

121.1 

524.8 

104.9 

102.8 

1938 

104 

114 

98 

93 

119 

528 

105.6 



107.2 

106.5 

104.2 

103.3 

94.5 

515.7 

103.1 

105.9 

1939 

112 

118 

102 

99 

10 8 

539 

107.8 



107.6 

103.5 

104.0 

106.4 

9c.9 

512.4 

102.4 

108.4 

1940 

105 

112 

107 

105 

103 

532 

106.4 



93.8 

95.0 

104.9 

106.0 

95.4 

495.1 

99.0 

107.3 


In the above example the Index Numbers of prices of the 
various groups of articles. A, B, C, D and E are given for different 
years as worked out by taking 1935 as the base year. In 
column no. 8 are given their average i. e. the Index Numbers 
of prices constructed by the fixed based method. In column 
numbers 2,3»4,5 and 6 are given (between the different years) 
percentages worked out on the basis of the change of the Index 
Numbers from the preceding to the succeeding years,* For instance, 
in 1937 the Index Number for A is 97 while in 1936 it was 93 
giving therefore ehe percentage of 104.3. Such percentage 



$taiisfic& 


126 

figures have been obtained for B, C, D and E which work out to 
9S.6, 108*0, 95»8 and 121.1. All these are the percentages 
calculated on the bases of 1936. The total of all these percentages 
as entered in column no. 7 is 524.8 and gives and average 104.9, 
when divided by 5 i. e. the number of items taken. The average 
percentage thus obtained is 104.9 and so with this the chain 
base Index Number of the previous year i. e. 98.0 comes to 102.8* 
In the same way the chain base Index Number can be calculated 
for the year 1938, As before the percentage for the various 
commodity groups is obtained on the basis of the change from 97 
107, 94, 90, and 126 to 104, 114, 98, 93 and 119 respectively. The 
percentage figures thus arrived at are 107.2, 106.5. 104.2, 103 3 

and 94.5 and so the average, 103.1 has been given in column 8. 
With this percentage of 103.1 the chain base Index Number, for 
the ‘year 1938 on the base of the preceding year i. e. 102.8 comes 
to 105.9 (100 : 102.8 : : 103.1). 

The special advantage of this Chain Base Method is that it 
is possible to make a direct comparison between each year and 
the succeeding or the previous one which is more useful than the 
indirect comparison with some remote year taken as base. Again* 
it is easy to drop old items or to add new ones without much 
difficulty. This method, however, involves more labour and does 
not afford facilities for making comparisons. 

Uses of Index Numbers: —In the beginning, Index Numbers 
were mainly used for measuring changes in the price level. 
Prices of all articles do not move in the same direction and even, 
if by chance they do, they rarely move with the same velocity. 
It, therefore, becomes necessary to ascertain the general level and 
this is achieved by computing Index Numbers. They are found to 
be particularly useful in estimating the cost of living. Cost of 
living Index Numbers show us whether real wages are rising or 
falling with the money wages or even if they rise whether the 
rise is proportionate or not. They are thus of great use in fixing 
allowances and bonus to the workers and thereby help us in settl¬ 
ing the vexed question of wages, the most important economic 
problem of the day# Even the Pay Commission of the Government 
of India has based its recommendations on the Index Numbers^ 
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Indnstrid activity can be studied with the help of indices of 
industifial activity and they will also serve as a guide to the 
Tariff Board to see whether protection given to a particular 
industry has been fully justified or not by its results. To those 
in the Stock Market Investment Index Numbers will help con¬ 
siderably in dealing with stocks and securities. Similarly, various 
other index numbers computed for unemployment, deferred 
payment and volume of trade will be of much use in tackling 
different economic problems. They are, therefore, rightly called 
‘Economic Barometers’. 

It must however, be noted that very often Index Numbers 
computed for one purpose are used for a different one without 
proper precaution and this gives rise to some erroneous interpreta¬ 
tion of facts. For instance, Index Number of prices worked out 
for studying conditions of labouring classes cannot, without adjust¬ 
ments, be used in the case of upper classes Though an Index 
Number will give a better idea of the situation than figures of 
absolute rise or fall it must be noted that it can be trustworthy in 
its tendencies wtthout being reliable to the last digit. It is no 
doubt true that they provide a means whereby the trend of events 
relating to certain data can be studied with great ease particularly 
with their graphical representation and they are likely to be more 
reliable when they are based on a fairly large number of items. 

Various Index Numbers: —The computation of Index : 
Numbers, as already explained, involves various problems w^hich 
are tackled differently by different persons. With a view to have 
a comprehensive idea of the various problems, w orking of some of 
the important indices in this as well as in other countries has 
been briefly described in the following pages. 

Index of Business Activity in India *—This Index 
Number of business activity is being computed and published every 
month from March 1938 by the well-^-known weekly paper 
‘Capital* of Calcutta. The technique of its construction was ex¬ 
plained in detail in the issue of ‘Capital’ dated 17th March, 1938. 
The year 1935 has been taken as the base period and series 
of seasonal fluctuations were corrected by applying twelve mcMiths 
moving average over a period 5j years i. e. fiom April 1932 to 
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Septismber 1937 and the geometric mean is used and not the 
arithriletic mean, though it is usually made use of in the construe- 
tion of indices. The weightage assigned to the different items is 
as under:— 

I. Industrial Production. 

(a) Cotton manufactures. 9 

(b) Jute manufactures- 6 

(c) Steel ingots. 5 

(d) Pig iron. ^ 

(e) Paper. 5 

(f) Cement. 3 


36 

II. Mineral Production. 

Monthly raisings of coal only 7 

III. Index of Internal Trade. 24 

IV. Financial statistics—■ 

Monthly cheque clearances. 20 

V. Indices of values of 

Exports and Imports— 

Exports. 4 

Imports 3 7 

VI. Index of shipping activity. 6 


100 

The figures of industrial production are taken from 
‘Monthly Statistics of Production of certain selected industries 
of India’ and those of mineral production from the ‘Trade 
Journal*. Index of Internal trade is based on monthly figures 
obtained from ‘Accounts relating to the Inland Rail and River 
borne Trade of India.’ Cheque clearance figures are taken from 
the Statistical summary of the Reserve Bank of India. Indices 
of the value of exports are taken from ‘Accounts relating to 
the Coasting Trade’. Figures for shipping activity are based on 
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the ^Monthly Accounts relating to the Coasting Trade and 
Navigation of British India* and on ‘Monthly survey of Business 
Conditions in India.* 

Working Class Cost of Living Index Numliers for 
Bombay City : —An Index Number of Cost of Living is the ratio 
that the current cost of a fixed collection of goods and services bears 
to the cost of the same collection of goods and services during the 
base period. In India official index numbers of working class 
cost of living are compiled and published from month to month 
for various provincial centres. As all of them are computed on 
identical lines with some modifications the working of the Index 
Number for the Bombay city has been described at length to 
serve as an illustration. 

The Working Class Cost of Living Index Number for 
Bombay City was first published in 1931 and is being monthly 
compiled and published by the Bombay Labour Office in the 
monthly Labour Gazette issued by the Directorate of Labour 
Information, Government of Bombay. To start with this Index 
Number was based on Aggregate Consumption Method but this 
has been given up in preference to the Family Budget Method. 
The results of the first enquiry into working class family budgets 
in Bombay City between May 1921 and April 1922 has been 
superseded by those of the second enquiry between May 1932 and 
June 1933. This Index Number which is worked by taking the 
arithmetic average has for its base the average of the period of 
twelve months from July 1933 to June 1934. 

The items taken for the revised Index Number like the cost 
of living Index Number of the British Ministry of Labour are 
classed into five groups;—(1) Food, (2) Fuel and Lighting, 
(3) Clothing, (4) House Rent and (5) Miscellaneous and 
weightage is given in the following manner to the items of these 
groups. 

( 1 ) Food —Rice 22 ; Patni 6 ; Wheat 3 ; Jowar 1 ; Bajri 4 ; 
Turdal 4; Gram 1 ; Raw-Sugar (gur) 1 ; Sugar (refined) 5 ; 
Tea 2; Fish (dry Bumlows) 3 ; Fish (fresh Bhing or Palah) 1 ; 
(fresh Prawns) 2; (Fish fresh Bumlows) 2; Mutton 5; Milk 7; Ghee 2; 
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Salt 1; Chillies (dry) 3j Tamarind (old) 2; Turmeric 2; Potatoes 1; 
Onions 1; Brinjals 5; Pumpkin (white) 5; Coconut oil 2; Sweet 
oil 2; Tea (ready made)5. 

(2) Fuel and Lighting —Charcoal 30; Firewood 52; 

Kerosene oil 16; Matches 2. 

(3) Clothing —Dhotis 15; Coating 12; Shirting 23; 

Cloth for trousers 4; Sarees 36; Khans 10. 

(4) House Rent—100. 

(5) Miscellaneous —Barber 13; Soap (washing) 9; 
Medicine 3; Supari 25; Bidis 22; Travelling to and 
from native place 27; Newspaper 1. 

It will be seen from the above that the total weightage for 
each group is 100 but the number of items in each case varies 
considerably. Even in the case of Index Numbers of three main 
centres in this Presidency there is a great variation in the num¬ 
ber of items in the groups as will be seen from the following:— 


Items in different groups 


Groups 

Bombay city 

Ahmedabad 

Sholapur 

Food 

28 

16 

17 

Fuel and Lighting 

4 

4 

3 

Clothing 

6 

7 

6 

House Rent 

1 

1 

1 

Miscellaneous 

7 

2 

5 

Total 

46 

30 

32 
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Besides giving weightage to the items in the various groups 
it is also applied to the groups and that too differently for different 
centres. 

Weight Proportional to Total Expenditure. 


Groups 

Bombay 

Ahmedabad 

Sholapur 

Food 

47 

58 

49 

Fuel and Lighting. 

7 

7 

10 

Clothing 

i 

8 

10 

12 

House rent. 

13 

12 

6 

Miscellaneous. 

14 

4 

6 


89 

91 

83 


It will be seen from the above that not only the number of 
weekly items in each group is different for these three centres but 
weightage applied to index numbers of the groups to compute the 
index numbers for the various cities varies considerably. This is 
due to the findings of the inquiries instituted at these places. 
Both at Ahmedabad and in Bombay 3 percent random samples of 
tenements were collected without any income limit. In Ahmeda¬ 
bad 872 budgets were accepted in 1926 while for Bombay 
Enquiry in 1932-33 the number was 1469. In Sholapur too 902 
budget were accepted in 1925. Before 1933 the weightage 
applied to the groups used to be 100 but as a result of the 
budget enquiry the weightage in the case of Miscellaneous 
(Bombay Centre) brought down to 14 from 25 and so the total of 
the weightage has come down to 89 from 100. 

In Bombay the prices for almost all articles except clothing, 
fish* brinjals and pumpkins are collected weekly by officers of 
the Labour office from two shops in each of the twelve different 
industrial areas. The prices of cloth are taken from the retail 
shops of four mills. Since June 1943 the calculations in Bombay 
city have been based on the prices of the different cereals sold in 
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government grain shops and authorised ration shops in working 
class localities. This is a temporary measure and as soon as 
the control is removed market quotations will be obtained for 
compiling the Index Numbers. 

Economic Adviser^s Index Numbers :—The Index 
number of Wholesale Prices for certain articles in* India, better 
known as Economic Adviser’s Index Number, appeared for the 
first time in June, 1942. It is compiled every week and generally 
monthly averages are also given. The week ending 19th August, 
1939 is taken for its base and the geometric mean is used in its 
computation. This index is based on the prices of 23 articles 
classified into four main groups: (l) Food and tobacco, (2) Other 
Agricultural commodities, (3) Raw materials and (4) Manu¬ 
factured Articles. In food and tobacco group are included 
eight items. Cotton, jute and linseed are the three items in the 
second group while in the third and fourth groups, items taken 
are seven and five respectively. A sensitive index, called the 
‘Primary commodities Index*, is also compiled by taking the 
prices of the first three groups, in all eighteen in number. The 
other index computed is ‘Chief articles of export’ and the prices 
taken for this are all-India wholesale prices. 

All-India Index Numbers of Wholesale Prices of 
Food Articles (new series) are also compiled by the Economic 
Adviser. The weightage for this is Rice 36, Wheat 12, Jowar 8, 
Bajra 3, Gram 5, Dal 3, Tea 7, Coffee 1, Sugar 13, Gur 9, and 
salt 3, in all 100. Spices and condiments are not included. 

The Government of India have formulated a scheme for the 
preparation and maintenance of cost of Living Index Numbers 
on a uniform basis because of the unsatisfactory character of 
tiie retail price Index Numbers as pointed out by the Rau Court 
of Inquiry appointed to investigate into the dispute regarding 
dearness allowance on the G. I. P. Railways. The committee re¬ 
marked, “none of the cost of living index numbers at present 
available are entirely satisfactory.’* The scheme was discussed 
at the Third Conference of Labour Ministers held in Delhi in 
January 1942 and the important conclusion reached is that there 
should be uniformity of technique in the computation of cost of 
living Index Numbers in the various provinces. 
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Tbe Government have also decided in consultation with the 
Provincial Governments to proceed concurrently with three other 
schemes : (a) The Main Cost of living Index Number scheme 
(b) Retail Price Index Nnmber scheme for urban centres and (c) 
Retail Price Index Number scheme for rural centres. 

Cast of Living Index Number (British Ministry of 
Labour)-This Index Number is compiled by the British Ministry 
Labour with a view to measure the average increase in the cost of 
maintaining the pre-war (1914) standard of living of the working 
classes. It was on the basis of the Index Number on which claims 
for increase in wages were made by Trade Unions during the 
War. Many disputes relating to wages are settled by adjusting 
the basic rates of wages by a sliding scale depending upon the 
Index Number. 

The items taken are classed into five main groups, viz: (l) 
Food, (2) Rent, (3) Clothing, (4) Fuel and Light and (5) 
Sundries, The information about food items is obtained by 
addressing enquiries to over 5000 retailers enjoying a working 
class trade in over 500 towns and villages. The weights applied 
are on the basis of the average expenditure of 1944 urban 
families of the working class as ascertained in 1904 by the 
Board’of Trade. Prices in July, 1914 are taken as the base for 
this index. The cost of living index number on the 1914 base 
was calculated for the last time in respect of June, 1947. As 
from that date a new index of retail prices has been calculated 
with prices at June 17 taken as =100 as an interim measure 
pending further study and examination. The items of food 
taken cover over three-fourths of the total family expenditure on 
food and the items, not included because of wide variations in 
quality and seasonal supplies, are fruits and vegetables other than 
potatoes. The items of food and weights applied are as under:— 

Beef 48 Fish 9 Tea 22 Butter 41 Eggs 19 

Mutton 24 Flour 20 Sugar 19 Cheese 10 Potatoes 11 

Bacon 19 Bread 50 Milk 25 Margarine 10 Total 327 

Rent figures are obtained from Local Authorities as well as 
from Property Owners* Associations. Inquiries regarding clothing 
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am addressed to outfitters, drapers, boot retailerst eta over about 
300 retailers in numbers and from over eighty towns* Coal 
merchants, gas suppliers and retailers are approached for figures 
for fuel and light and those for other items, which mainly include 
soap, soda, domestic ironmongery, brushware, pottery, tobacco, 
fares and newspapers, are got from retailers, transport undertak¬ 
ings and press reports. 

In all cases retail and not wholesale prices are taken into 
consideration and such group is again given weightage on the 
basis of the Board of Trade survey made in 1904. They are 
meant to adjust the relative importance of such group and are 
as under :— 


Food 

7i 

Fuel and Light 

1 

Rent 

2 

Other items 

i 

Clothing 


Total 

j 

1 

1 


It will be seen from this system of weightage that food has 
been given the highest weightage, being 60 percent. The figure 
thus obtained is expressed in the form of an increase in the cost of 
living and to have an Index Number 100 will have to be added to 
it. The working class cost of living Index Numbers in India are 
worked out more or less on identical lines. 

The Economic Index of Business Activity i—This 
Index Number is compiled every month by ^‘The Economist* to 
measure the changes in the economic activity of United Kingdom 
and to show the trend of trade in quantitative units. It also gives 
an approximate idea of the variations in the real national income. 

Its compitation was started as early as 1924 but it was 
revised in July, 1936 and was recalculated with 1935 as its base 
year. The composite Index Number is obtained by calculating 
the geometric mean of the various groups which are given below 
with the weightage applied in each case :— 

Weights. 

10 
4 

2 


1. Employment 

2. Consumption of coal 

3. Consumption of electricity 
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weights 


4# Railway merchandise tariE 4 

5* Commercial vehicles in use. 2 

6. Postal traffic receipts, 3 

7. Building activity. 2 

8. Consumption of iron and steel. 2 

9. Consumption of cotton. 1 

10. Imports of raw materials. 2 

11. Exports of British manufactures. 3 

12. Movements of Shipping. 2 

13. Metropolitan, Country and Provincial 

Bank clearings. 4 

14. Town Bank clearings. 1 


All the series except three items relating to employment, 
motor vehicles and building activity are on a daily average 
basis minimising thereby the effect of months with different 
number of days. 

Investment Index Number This Index Number, 
compiled by the Bankers’ Magazine in Great Britain for the 
benefit of those interested in the Stock and Share Market, gives 
the estimated level of the prices of stock and shares. The 
quotation of 365 stocks and shares grouped in two classes on 
3lst December, 1921 have been taken to form the base=100. 
The two classes consist of 87 securities of fixed interest stocks 
and 278 securities yielding variable dividends. Adjustments are 
made on fresh issues and on liquidation of a company. Average 
market values can be compared with the base to obtain the rise 
or fall of investments. 

The Investors* Chronicle also compiles its Investment 
Index Number by taking 3lst December, 1923 as the base=100. 
For this, 176 quotations of market values of securities are taken 
and the grouping is differently made. In the fixed interest group 
are included 34 securities of which 19 are gilt-edged and 15 
relating to business. In the other group the number of variable 
dividend securities is 142 of which 16 are of first-class securities, 
70 of general business securities and 56 of speculative type. 

43-44 
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Separate Index Numbers are also compiled for each group. In 
this the base year taken is a little far from the period of depression 
following the post-war trade boom as is the case of the Bankers’ 
Magazine Index Number. 

Index of Cost of Living (U. S. Bureau of Labour) :— 

The united States Bureau of Labour compiles the cost of Living 
Index Number and it is published in the monthly ‘Labour Review*. 
For this the year 1913 has been adopted as the base and the 
compilation of this Index Number was begun in the year 1918 by 
computing the Index Numbers from December, 1914. Price 
quotations are obtained from markets and also from Bureau’s 
field agents for commodities used by working class families. The 
items are divided into six groups, (1) Food, (2) Clothing, (3) Rent, 
(4) Fuel and light, (5) Furniture and furnishings and (6) 
Miscellaneous items and not into five as is done in the case of 
the Index Number of the British Ministry of Labour. The 
weightage is based on the study of 12,000 family budgets in 
U. S. A. and is also done for the items of the group. These 
indices are regularly computed for the different cities as well as 
for the country as a whole. 


Dun’s Index Number :— This Index Number is regularly 
published by a private organisation about the middle of the 
month in Dun’s Review of United States. This was first published 
in 1901 and is a weighted aggregate of actual wholesale prices at 
the beginning of the month. The weightage is on the average 
annual per capita consumption and food items are given nearly 
fifty per cent importance. Over two hundred commodities are 
taken and they are grouped into seven classes, their wholesale 
prices being obtained from the principal markets of U. S. A, 

Exercises. 

1. What is an Index Number ? State reasons for using Index 
Number in the beginning primarily in the case of prices. 

2. State briefly the problems that arise in constructing an Index 
Number of Prices. 



Ind4x Nimb0r 


339 


|« Give the different methods adopted for constructing an Indek 
Number of Prices and describe fully the method you think 
most suitable. 

4* Write short notes on the choice of items for constructing an 
Index Number of Prices and also on the methods of giving 
them weightage. 

5. Write a critical note on the construction of an Index Number 

of cost of living. (1941-*Mar.) 

6. What is meant by weighting in statistics ? Illustrate by 

reference to averages and Index Numbers. (1944—Mar.) 

7. In what sense is it possible to measure a general level of 
prices by means of an Index Number ? 

8. Mention the chief well-known Index Numbers in England 

and in India Explain the details of the construction of any 
one of them. (1932-Oct) 

9. What is the objective of an Index Number ? State briefly the 

relevant conditions for its construction illustrating your 
answer by reference to the Index Number of prices published 
by the Government of India. (1936-Mar.) 

10. Define the term ‘ Cost of Living * and point out difficulties 

encountered in measuring the change in the cost of liviilg 
over a period of time. (1942-Mar.) 

11. ‘The significance or validity of any Index Number 

depends upon the dispersion of the price relatives upon 
which it is based.’ Comment. (1943-Mar.) 

12. Write short notes on chain base methods inverse prices, 
relative of aggregates method, and economic barometer. 

13. Mention the chief sources of error in the Cost of Living 
Index Number and state how they can be avoided. 

14. Distinguish between the fixed Base and Chain Base methods 
of constructing an Index Number. Discuss the relative 
merits of each method. 

15. Explain fully the procedure adopted in computing the Cost 
of Liviilg Index Number of the British Ministry of Labour. 
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id* Wfaal is the purj^se of an Investment Inte Number ? 
Describe the working of any Investment Index Number you 
know of. 

17. From the following table giving average prices of twelve 
important commodities at Agra, prepare Index Numbers of 
prices for the years 1926 and 1928 based on the average 
prices of the year 1925. 




Average 

Prices in 

Prices in 



Prices in 1925 

1926 

1928 



Rs. 

Rs. 

Rs. 

Rice 

Per Maund 

5-14-0 

6—2—0 

6-8-0 

Wheat 


5-4-0 

? 

1 

5-6-0 

Ghee 

>9 

65-0-0 

63-0-0 

61-8-0 

Milk 

It 

5-0-0 

4-12-0 

4—8—0 

Fuel 


07 _ 

oA _4._n 

o e_o_n 

XTcr v/anuy 

<6/- 



Salt 

Per Maund 

4—3”^ 

3-15-0 

o 

r 

T 

Potatoes 

*> 

1-14-0 

T 

1 

o 

2-1-0 

Sugar 

II 

14-4-0 

CO 

1 

00 

i 

12-12-0 

Cloth 

Per Yard 

0-7-0 

o 

1 

o 

0-9-0 

Oil 

Per Maund 

5-0-0 

4-8-0 

4-3-0 

Bajra 

II 

3-12-0 

3-15-0 

3—4—0 

Pulses 

II 

5-8-0 

6-3-0 

6-7-0 


18. Describe the chain Base method in the construction of Index 
Numbers from the following table and calculate such Index 
Numbers. 


Articles ( Index Nos. ) 


Year 

A 

B 

C 

D 

1925 

94 

87 

81 

114 

1926 

98 

83 

84 

119 

1927 

107 

89 

82 

122 

1928 

94 

82 

97 

107 

1929 

96 

84 

96 

105 
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19. The following are tlte avorago pcioes of some commodities 
in U. P. during 1925 and 1928. Calculate the general Index 
Number of prices based on the prices in 1925. 


Commodity 

Unit 

Average Prices 



in 1925 

1928 

Wheat 

Per maund 

5—4—0 

6—8—0 

Cloth 

Per yard 

0—6—6 

0—9—0 

Salt 

Per maund 

4-0-0 

3—9_0 

Sugar 

If 

13—5—0 

12-12—0 

Ghee 

i» 

64—4—0 

61—8—0 

Milk 

If 

5-2-0 

4""" *8 ’*—0 

Rice 

}} 

6—4—0 

6—8—0 

Oil 

If 

5-3-0 

4—3—0 

Pulses 

>» 

5-12—0 

6—7—0 

Fuel 

Per candy 

26—8—0 

25—9—0 

Potatoes 

Per maund 

1-15—0 

2—1-0 

20. The group Index Numbers of different items are given below 

and you are 

asked to construct an Index Number of prices 

for June 1937 by assigning the following weights. 


Food 

28 

Fuel and lighting 

4 

Clothing 

6 

Rent 

1 

Miscellaneous 

7 



Group Index Numbers of June 1937. 


Food 

112 

Fuel and lighting 

169 

Clothing 

84 

House Rent 

100 

Miscellaneous 

97 




21. From the following information prepare the Index Number 
for the Miscellaneous Group taken for the construction of 
the New Bombay working class cost of living Index Number. 





J4t 


Statiitki 


MisctUtmmtus Group 

‘ - ' Average 

Weight price in Price in 

No. Articles. Unit of quantity, assigned, the year June 

ended on 1937. 

' 30-6-34 






Rs. 

Rs. 

1 

Barber 

Per shave 

13 

1 

1 

o 

0-1—0 

2 

Soap 

Per bar 

9 

0-4—5 

0—4—0 

3 

Medicine 

Per bottle of 






mixture 

3 

0-8—0 

T 

00 

1 

o 

4 

Supari 

Per lb. 

25 

0-5—0 

0-5-11 

5 

Bidis 

Per bundle of 25 

22 

0-1—0 

0-0-11 

6 

Travelling 






Expenses 

... 

27 

•0-4-11 

0-4—8 

7 

Newspaper per copy 

1 

0-0—9 

0-0—6 



CHAPTER XV 

INTERPRETATION OF STATISTICAL DATA 


After the data have been collected and presented by textual, 
tabular or graphic methods the next step is the analysis and 
interpretation of the statistics compiled. Statistics, as they exist 
or after they are tabulated and summarized, may give an idea of 
what has happened but a logical interpretation by an expert would 
help us in understanding the underlying process at work as well as 
their implications. If statistical records of rainfall are presented 
we would get an idea of the rainfall in the past but a clever 
statistician, after statistical operations, would be able to discover 
years of plenty and draught as w^eil as their likely periodicity. 
He would also be in a position to forecast, which in the absence 
of abnormal circumstances, is likely to serve as a guide for 
future years. A Statistician is, therefore, expected not only to 
assemble and analyse the data but to interpret the result of his 
findings as that is very often the mam purpose underlying the 
collection of data. This work of drawing inferences from statis¬ 
tical data or their interpretation is of a technical nature and, if 
left to inexperts, is likely to lead to misuse of statistics even 
without any motive. Any person without adequate grounding in 
scientific method as well as statistical operations and their 
implications is apt to draw wrong conclusions. Simply because 
the coefficient of correlation shows correlation between prices 
and number of deaths in a locality it is not to be concluded that 
there exists correlation between the two. Common sense as well 
as experience are also necessary for such a work. In addition to 
this it is necessary that the whole work connected with the parti¬ 
cular problem should be entrusted to the same person and if this 
is not practicable due to heavy work at least it should be under his 
supervision and guidance. In such a case, the statistician will 
be fully conversant with the problem and its implications and 
the inferences drawn under such circumstances will be more 
precise as well as reliable. The Census Commissioner, who 
planned the census procedure and supervised it, will be in a 
better position to interpret the census figures than one who takes 



Statistics 


them from the census reports. 

In conducting scientific experiments with a view to interpret 
fheir results and to draw out inferences therefrom it is possible to 
allow at one time only one factor to vary by keeping others under 
control by scientific methods. In the case of social sciences the 
application of the Law of Single Variable is out ol question as it 
is not possible to check multiple variation though in some cases 
their free play can be minimised. This difiiculty is to some 
extent got over by the use of scientific methods which according 
to Yule are “especially adapted to the elucidation of quantitative 
data affected by multiplicity of causes.” This is in fact the 
fundamental distinction between the experimental and statistical 
methods. The former are manipulative while the latter are 
descriptive. 

Pre-requisites of Interpretation: —As already remarked 
the work of interpretation is very difficult and needs great care and 
minute attention to details. With a view to be able to draw 
reasonable and correct inferences it is imperative that as preli¬ 
minaries to interpretation the following considerations should be 
borne in mind. 

(1) Adequacy: —Our inferences are based on the data sup¬ 
plied and it is, therefore, necessary that they are adequate to base 
our judgments upon. Not only that the data should be properly 
selected but the number of observations taken must be large 
enough to present a true and correct picture of the universe or 
population from which they have been drawn. It is not unusual to 
find data collected by deliberate sampling and not by random 
sampling. In such a case it is but natural that if the investigators 
are biassed and they are consciously or even otherwise likely to 
take such observations as are in the conformity with their viewa 
In the case of random sampling this danger does not exist as the 
persons concerned have no choice of selection. It is also necessary 
that an adequate number of cases must be taken as by taking a 
small number the average will not conform to the general universe 
or population as the influence of the Laws of Statistical Regularity 
or Inertia of Large Numbers is visible only when the number is 
sufficiently large. 
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(2) Stability:—At the titne of aooet^thag ^ data for 
iiiftetpretatian it must be seen that there is likely to be stability 
el the data. The test for this is that the results must repeat in 
simiiar experiments. If this is not achieved there is no 
stability and inferences drawn from such material will serve no 
useful purpose. 

(3) Homogeneity: —The data must also be homogeneous 
and comparable. When cases are being compared for drawing 
inferences it is futile to do so without homogeneity. When wages 
in two concerns are being considered it is necessary to see that 
other things such as nature of work, leisure and other facilities 
granted are identical. If bad debts are being reviewed with a 
view to draw some conclusions it would be a mistake to compare 
the percentage of bad debts in two concerns when in one they are 
calculated on sales consisting of cash as well as credit and in 
the other on credit sales only. In short, there must be logical 
consistency. 

(4) Relevancy: —The data taken for interpretation must 
be relevant. There must exist some significant connection 
between the purpose of enquiry and the results of the analysis 
and the drawing of inferences. In the absence of this condition 
the result arrived at will not be reliable. 

is) Accuracy: —The data must be free from errors of all 
types biassed as well as unbiassed and also those of manipulation 
e. g. unconscious errors in measuring, weighing, counting or 
approximation. Special care must be taken to see if there has 
been a possibility of cumulative errors in collection, as unlike 
compensating errors they go on accumulating errors. 

(6) Scientific Analysis: —It is equally necessary that the 
data must have been scientifically worked out and analysed and 
as far as practicable disturbing factors reduced to minimum and in 
case this is not possible they are considered with all their comp¬ 
lications. 

By taking care of the above points the possibility of 
mistakes in drawing inferences will be considerably reduced and 
considerable loss of energy and time can be saved besides 
increasing the reliability of the inferences drawn. 
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lime 10 various factors intentional or otherwise. There is an 
intrate desire in man to interpret the data and in doing so very 
often be disregards his limitations. He tries to draw inferences 
^without proper mental preparation as well as the requisite 
scientific training. It is not imperative that he must possess a 
degree or diploma in statistics but at least he must have the nece¬ 
ssary grounding in the subject coupled with sufficient experience 
of handling such problems. In the absence of this it is very 
likely that he will jump to conclusions not warranted by the data. 

The other factor against which we must particularly guard 
is the deliberate misuse or misinterpretation of statistical facts 
by interested parties such as election against, advertisers and 
propagandists. These persons with a view to serve their purpose 
use inaccurate or incomplete data, misleading methods of pres¬ 
entation, false generalizations and faulty use of statistical 
methods. It is argued that wages were lowered by twenty 
percent and were later on raised by twenty percent so the labour¬ 
ers should have no cause of complaint. But on careful considera* 
tion it will be noticed that it is not so. A labourer who was 
getting originally Rs. 50 per month because of this reduction of 
20% began to get Rs. 40. Later on when wages were raised by 
20% his monthly income came to Rs. 48 and not Rs. 50 which was 
his original monthly income. The propagandist in favour of 
employers tried to make out a case by saying that the percentages 
of rise and fall are the same and so there is no possibility of any 
reduction in wages. Similarly, interested parties having an 
even diametrically opposite interests try to prove successfully 
from the same data that their point of view is correct. 
One interested in showing that the rainfall of a particular 
year is satisfactory will compare it with a year of draught 
in the past while the one trying to prove it to be far less will 
choose for comparison a year of having a very heavy rainfall. 
Thus by shifting the base of comparison the conclusions drawn 
appear to be absolutely different and opposite in character. 
False generalization is very commonly resorted to for 
misinterpreting things. Simply because of the increase of 
imports it would not be safe to conclude that the country has 



^pr0Wii rich m H otherwise it would not have been in a position to 
have this rise in imports. It may be likely that its internal 
production has gone down and so it was required to import to 
satisfy its legitimate wants. If in a big city the death rate is 
found to . be lower it may not be quite correct to conclude only 
because of this that it is healthier than a village. It often happens 
that only able bodied persons who are capable of earning wages 
stay in the city and the old and sick persons go back to their 
villages, as it found difficult for them to maintain themselves in 
big cities without work due to higher cost of living. 

Errors in interpretation also arise because of the incorrect 
or faulty data. This generally happens in the case of based 
investigators. To establish their point of view they resort to 
deliberate sampling which as already shown is a faulty method 
of collecting data. They also do not gather sufficient data but are 
deliberately content with a small number of observations favour¬ 
ing in most cases their point of view. This does not allow a 
free play of the law of statistical regularity and thereby fails to 
present a true and correct picture of the universe. 

Statistical methods, if not used in the proper way, are likely 
to lead to wrong interpretation of the data. While constructing 
Index Number of prices different results are obtained by using 
different weights or by taking quotations of prices of the same 
article but of different qualities. The base used can be changed 
and it does materially influence the Index Number obtained. 
Similar mistake is possible by wrong interpretation of the 
coefficient of correlation or by not recognizing ‘nonsense correla¬ 
tions’. Simply because there is high degree of correlation between 
the i^figures of imports and those of birth rates it cannot be 
concluded that there exists a casual relationship between the twa 

General Directions: —The work of interpretation or of 
drawing inferences from statistical data is of a complicated 
nature and as it is not possible to lay down a set of rules or 
formulas for this purpose some general directions have been 
given to serve as a guide to a beginner. 
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To stajrt with the available data should be subjected to the 
v^fious statistical operations. By ascertaining the various terns 
of averages such as mean, median and mode a concise picture of 
tile groups can be obtained and this will help in making compa* 
risons with oiiier groups of a similar type as well as for 
judging the relative positions of the various items in the group. 
In the case of historical or time series it will pay to fmst 
analyse carefully the influence of the various types oi movements 
like the long-time trend, seasonal variations, cyclical movements 
and irregular fluctuations by resorting to one of the methods 
already explained. Even simple moving average will be found 
very useful. By measuring dispersion and skewness we shall be 
in a position to see how far the various items differ from one 
another in size and if there is a symmetry in the group or not 


Graphs, if drawn, will be very useful and thereby we will be 
able to easily notice certain tendencies in the data as it is 
difficult to do so by merely scanning the tables. To study the 
existence or otherwise of unequal distribution Gallon’s graph can 
be made use of. An idea of the future development can be 
obtained by extrapolation in case the data is of a normal type. 
Again, if we have to study two or more groups or series it will be 
worth while to calculate the coefficient of correlation or to repre¬ 
sent it graphically to see if there exists correlation between the 
two groups or series. It is equally necessary to see if there is 
a likelihood of a lag in the given data. 


It will be a setious mistake if the data is interpreted 
without studying the back ground as well as the general implica¬ 
tions. It is very likely that circumstances might have changed 
materially in the period under consideration. In interpreting the 
import and export figures of a country for a period it is absolutely 
necessary to see if there have been material changes during the 
period. The separation of Burma and Pakistan from India 
is bound to influence the figures due to the reduction in 
the area and population of the country. Again, if there are 
years of war, pestilence or famine, trading in those years 
is sure to be affected and if these circumstances are not borne 
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in mind the interpretation will be incorrect Lastlyi it is of vital 
importance to note that statistical laws are true in the case of 
averages and not necessarily in the case of every individual item. 
The interpretation, therefore, should not be dogmatic in character 
and should not be made without bearing in mind the various 
pitfalls already explained in the foregoing pages. 


Position of Cloth in India (in crores of yards ). 


Years 

Net 

imports 

Net available 
mill produc¬ 
tion 

Handloom 

production 

Net available 
for consump¬ 
tion 

1913-14 

313 

108 

107 

528 

1914-15 

241 

107 

118 

466 

1915-16 

211 

133 

105 

449 

1916-17 

183 

132 

82 

397 

1917-18 

U7 

142 

81 

370 

1918-19 

101 

130 

105 

336 

1919-20 

99 

144 

56 

299 

1920-21 

145 

143 

115 

403 

1921-22 

102 

157 

119 

378 

1922-23 

152 

156 

1 134 

442 

1923-24 

142 

154 

1 101 

397 

1924-25 

1 177 

179 

' 126 

482 

1925-26 

’ 153 

174 

116 

443 

1926-27 

176 

206 

133 

515 

1927-28 

, 194 

, 219 

131 

544 

1928- 29 

1 191 

1 174 

108 

473 

1929-30 

! 190 

1 229 

140 

559 

1930-31 

1 87 

I 246 

139 

472 

1931-32 

, 76 

288 

150 

514 

1932-33 

120 


170 

1 601 

1933-34 

77 

1 

1 289 

144 

1 510 


If we were to interpret the above statistical table showing 
the position of cloth in India for a period of 21 years it would 
facilitate our work considerably if the data is subjected to stati¬ 
stical operations including its graphical representation preferably 
by drawing band or belt curves’as shown in the given figure. 
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POSITION OP CLOTH IN INDIA 



This table, comprehensive as it is, gives in crores of yards 
imports of cloth from outside and the net available mill and 
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handloom production as well as the total of the net availabW 
cloth for consumption for the country. This data covers a 
period of 21 years i. e. from 1913-14 to 1933-34 in which is 
included the abnormal period of the Great War from 1914-18. 
During the war and few years, thereafter, the economy of a country 
is far from normal. The foreign trade is particularly affected, its 
extent depending upon the position of the countries at war. This 
can be clearly seen by scanning the import figures of cloth. 
From 1914-15 there appears to be a regular decline up to the year 
1919-20. As the supply of cloth from outside during this period 
went down the mill production improved to meet the demand in 
the country. The handloom production showed a rise just at the 
beginning of the war period but mainly because of the competition 
by the mills the handloom production got a setback 

It was only in 1919-20 that the net available amount for 
consumption went as low as 299 crores of yards as against 456, 
being the average for this period of 21 years. This is due to 
all round decrease just at the cessation of the war. Due mostly 
to the non-cooperation movement the imports in 1921-22 went 
down and the mill as well as handloom production advanced to 
meet the demand. The slump period after 1929 coupled with 
the nation-wide swadeshi movement affected the imports which 
touched the lowest point of 76 crores in 1931-32 as against the 
average of 156 during the whole period under review. Due to 
the national awakening the production at home got a fillip and 
this is visible from the rise in mill and handloom production 
till it was arrested again by a slump after 1932. 


From the graph it can be clearly seen how during the war 
period the imports have decreased and though they made a little 
headway they again went down in later years due to slump as well 
as national movement. Except for the few years of war the 
net available amount for consumption has been showing steady 
rise but for a few years of slight reverses. The handloom 
production during the war years was fairly steady and thereafter 
has improved to a great extent. In the case of imports we find the 
coefficient of dispersion very high as compared to those of the 



liiiiixikiom proditiction acid of the net available amoimt fac eon% 
aamptioii« By calculatina the coefficient of correlation or even by 
scanning very carefully the movements of the various curves, 
{^ittve correlation of a fairly high degree is seen between the 
mill and handloom production because of their rising production 
due to fall in imports and the national movement. There appears 
to be inverse correlation but of partial nature between the imports 
and mill production because of their movements in opposite 
directions—mill productions are rising while imports are falling. 

It will be seen from the above example how we are enabled 
to interpret the statistical data better with the help of statistical 
operations. It is, however, needless to emphasise that a fair 
amount of knowledge of the background of the data and absence 
of bias are absolutely essential. 


Exercises. 

1. What is meant by interpretation of statistical data and 
what is its importance in the study of statistics ? 

2. Describe fully the errors that are likely to affect the inter¬ 
pretation of data and state how they can be taken care of. 

3. Mention the important pre-requisites of interpretation and 
explain any three of them by giving suitable examples. 

4. What points should be borne in mind in interpreting the 
statistical data given to you ? 

5. Write a brief but reasoned note based on the table giving 
age^istribution per thousand of the population in 1911. 
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Age, Germany. 

France. 

Eng. 

U.S.A. 

Japan. 

British 

India. 

Under 10 

234 

171 

209 

222 

244 

276 

10-20 

203 

166 

190 

198 

198 

192 

20-30 

164 

158 

173 

187 

154 

178 

30-40 

139 

148 

152 

H6 

138 

142 

40-50 

105 

127 

115 

106 

101 

99 

50-60 

76 

104 

80 

72 

77 

61 

60-70 

51 

77 

51 

43 

57 

36 

70 & over 

23 

49 

30 

26 

31 

16 


6. Comment upon the facts revealed by the following table 
giving percentages of exports of some of the principal 
crops of India to the total production. 



Pre-war 

War 

Post 

Rice 

average 

9 

average 

5 

aver 

5 

Wheat 

14 

9 

3 

Tea 

96 

89 

95 

Cotton (raw) 

56 

51 

61 

Jute (raw) 

51 

31 

48 

Linseed 

73 

63 

59 

Rape and Mustard 

23 

8 

19 

Sesamum 

25 

8 

6 

Groundnut 

35 

12 

19 

Indigo 

40 

44 

27 


45-46 
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7. Interpret the facts contained in the following table:^— 

Population Mean density No, of females 
in 1931 per sq. mile per 1000 
in millions males 


India 

352.8 

195 

940 

Ajmer Merwar 

0.5 

207 

892 

Assam 

8.6 

157 

900 

Andamans 

0.02 

9 

495 

Baluchistan 

0.4 

9 

717 

Bengal 

50.1 

646 

924 

Bihar and Orissa 

37.6 

454 

1005 

Bombay 

21.9 

177 

901 

C. P. 

15.5 

155 

998 

Delhi 

0.6 

1110 

722 

Madras 

46.7 

328 

1025 

N. W. F. P. 

2.4 

179 

843 

Punjab 

23.5 

238 

831 

U. P. 

48.4 

456 

902 


8. Comment upon the facts revealed by the following table. 


Banking 




Banking 


1 Banking 

Saving Bank 



Offices 

Bank- 

1 Deposits 

Deposits 



i 

Per 

ing 


1 Per 


Per 

Country 

Year 


million 

Capital 


head 


head 



X otai 

1 of 

& Re- 

Total 

of 

Total 

of 



INO. 

1 popu- 

serve 


popu- 


popu- 




i lation 

1 

1 


lation 


lation 





Rs. 

Rs. 


I Rs. 

! 





crores 

1 crores 

Rs. 

crores : 

1 Rs. 

India 

1930 

882 

2.5 

25.5 

227.7 

6.4 

! 75.4 

2.1 

United 








1 

1 

Kingdom 

1932 

12557 

273 

316.5 

3226.5 

698 

1232.9 

1 266.8 

1 

U. S. A. 

1931 

22071 

179 

3540.6 

13787.6 

1123 

6677.3 

543.7 

Canada 

1931 

4176 

417 

113.7 

836 

804 

34.1 

32.8 

Germany 

1928 

2166 

33 

212.3 

1084.8 

167 

1091.5 

168.4 

Japan 

1929 

6670 

103 

357.3 

1407.5 

215 

581.6 

88,9 



Write a reasoned note based on the occupational statistics given in the following table:— 
Occupational Statistics showing percentage of the total population working different occupations. 

Total Working AgrL Industry Trade Public Liberal 
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♦Two-thirdsofthc working population being agricultural has regular employment only for about half the year. The 
Column no. 4 gives the total working population of different countries while the succeeding columns show the disUibution 
in various occupation. 
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10. Represent graphically the Index Numbers of wholesale prices 
of the following places and also write a reasoned note on the 
same *— 


# Year 

Bombay* 

Karachi* 

Calcutta* 

. ,. 

1923 

... 

181 

148 

172 

1924 


182 

154 

173 

1925 


161 

151 

159 

1926 


149 

140 

148 

1927 


147 

137 

148 

1928 


146 

137 

145 

1929 


145 

133 

141 

1930 


126 

108 

116 

1931 


109 

95 

96 

1932 


109 

99 

91 

1933 


98 

1 97 

87 

1934 


95 

96 

89 

1935 


99 

99 

91 

1936 


96 

102 

91 

1937 


106 

108 

102 


*July 1914 = 100 (1939-Oct.) 

11, Comment on the figures of the distribution of the Reserve 
Bank shares in the following table:— 



No. of shares in thousand 

No. of share holders in 
thousands 


1937 

1938 

1937 

1938 

Bombay 

201 

206 

215 , 

208 

Calcutta 

125 

123 

145 

138 

D^lhi 

94 

93 

157 

149 

Madras 

60 

59 

91 

87 

Rangoon 

19 

18 

18 

16 
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12i Draw up a brief but reasoned note on the prices quoted on the 
Bombay Stock Exchange from the following figures:— 


Name of the 
share or 
security 

5-3-1937 

5-2-1937 

5-9-1936 

5-3-1936 

3i% Govt paper 

93—9 

98—2 

99-10 

99—1 

Bank of India 

138—0 

14C~12 

131—4 

129—8 

Tapti Valley 

Railway. 

777—8 

776—4 

775-0 

i 

787—8 

Bundi Cement ... 

44—6 

40-14 

35—"6 

34—8 

Bombay Dyeing.. - 

970—0 

895-0 

654—8 

667—S 

Burma Trading 
Corporation. 

695—0 

651—4 

489—6 

368—2 

New India 

44-12 

46—0 

44—8 

42—8 

Tata (Ordinary)... 

376-0 

307—0 

133-12 

143—8 

Tata (Deferred)... 

1800—0 

1402—8 

717—8 

516—4 

Telephone Co. 

(Ordinary) 

117-0 

117—8 

116—4 

109—4 


TT937-Mar.) 


13* Comment on the results of workings of Class I railways in 
India after representing the matter graphically. 


Year 

Capital outlay in 

Gross earnings in 


millions of £ 

millions of £ 

1923-24 

464 

70 

1924-25 

473 

74 

1925-26 

487 

73 

1926-27 

505 

72 

1927-28 

594 

86 

1928-29 

599 

86 

1929-30 

617 

84 

1930-31 

627 

77 

1931-32 

631 

71 

1932-33 

638 

I 70 

1933-34 

1 635 

I 72 



CtiAPTlsa XVI 
STATISTICS IN INDIA 


For want of systematic historical records it is difficult to 
critically estimate the condition of statistics in Ancient India. 
However, interesting statistical information regarding army, 
production, earnings, etc is got by referring to chapters 56-58 
of Shanti Parva in Mahabharat, Jatak Kathas as well as Chana- 
kya’s Arthashastra. From ‘Indika’ and ‘Anabasis’ the two works 
of Arrian who came to India with Alexander the Great consid¬ 
erable statistical matter is available. The writings of Megas- 
thenis, Greek Ambassador in India give very illuminating infor¬ 
mation on various topics such as census, army, births and deaths. 
The census procedure laid down is really admirable. There used 
to be an officer known as Samahati at the head like the present 
Census Commissioner. In the course of census operations infor¬ 
mation was collected regarding castes, occupation, houses, taxes 
paid in addition to counting the heads. Spies were engaged to 
report the infringement of rules and procedure. In the Moham- 
edan period too, there appears to have been very satisfactory 
Arrangement regarding the recording of statistics, Ain-i-Akbari 
by Abul Fazl contains a mine of information regarding the 
Mogul empire ‘faithfully and minutely recorded in their smallest 
detail with such an array of facts, illustrative of its extent, 
resources, condition, population, industry and wealth as the 
abundant material from official sources could furnish’. H. S, 
Jarret, translator of Ain-i-Akabari has said of Abul Fazl, 
‘regarded as a statistician, no details from the revenues of a pro¬ 
vince to the cost of a pineapple, from the organisation of the 
army, and grades and duties of the nobility to the shape of a 
candlestick and the price of a curry-comb are beyond his 
microscopic and patient investigation’. 

In the British period statistics of India, as remarked by 
the Bowley Robertson Committee ‘originated as a bye-product of 
administrative activities and only in the case of population 
census and to some extent foreign trade there has been an organi¬ 
zation.’ It was in the year 1853 that the court of Directors in 
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England ordered the East India Company’s office in India *to 
collect statistics regarding native states, languages, opium* 
education, civil service, etc. In the early nineteenth century 
statistical data could be had only from the Annual Administta* 
tion Reports published by the provinces but there was no unifor¬ 
mity in the method of collecting statistics. In 1862 forms were 
prescribed for compilation of financial and comm^cial statistics 
by the Statistics Committee. In 1868 the India Office published 
for the first time Statistical Abstract relating to British India for 
1840-1865. Earlier in 1863 the Government of Bombay had 
asked for a special establishment for statistical work but this 
proposal was turned down. 

The Moral and Material Progress Reports for India 
contain statistics regarding population, trade, production, prices 
as well as vital statistics but without the necessary explanatory 
notes. Gazetteers were published by the provinces in the nine¬ 
teenth century and the Bombay Government issued matter cover* 
ing over 18000 pages in thirty five books. Supplementary 
volumes were printed early in the twentieth century. The 
Statistical Atlas of the Bombay presidency was printed in 1888 
but it was with a view to meet the demand of the Famine Relief 
Code to mark out districts of famine. By and by the collection 
of statistics was undertaken but there w^as no systematic and 
co-ordinated effort made in this direction. 

The Indian Economic Enquiry Committee:-The Indian 
Economic Association in its session at Lahore in 1922 appointed 
a special committee to take up the question of approving the 
statistics. In February 1924 a resolution concerning this was 
passed by the Council of state and in September by the 
Legislative Assembly. The Government of India then appointed 
the Economic Enquiry Committee in January, 1925 with Sir 
Mokshagundam Visvesvaraya as its Chairman and Prof. Burnett. 
Hurst as the Secretary. The terms of reference were ‘to examine 
the material at present available for framing an estimate of the 
economic condition of the various classes of people of British 
India; to report on its adequacy; and to make recommendations 
as to the best manner in which it may be supplemented and as to 
the lines on which a general economic survey should be carried 
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oidi #itli an estimate of the expenditure involved in giving effect 
to mch recommendations/ This Committee’s remarks on the 
then ^istixxg statistical material were that the general statistics 
otW than those of production comprising of finance, population, 
trade* transport and communication, migration, and vital 
statistics were ‘more or less complete/ Statistics of production 
including agriculture, pasture and dairy farming, forests 
fisheries, minerals, large-scale industries, cottage and small-scale 
industries were ‘satisfactory in some respects but incomplete or 
totally wanting in others/ Statistics of income, wealth, cost of 
Living Index Numbers, indebtedness, wages and prices were not 
satisfactory and according to the committee no ‘satisfactory 
efforts had been made in British India to collect the necessary 
material on a comprehensive scale. The committee recommended 
in particular (1) Quinquennial wages census for large industries, 
(2) preparation of estimates of total quantity and value of 
products of cottage industries and value of raw-materials 
consumed, (3) number of workmen employed, (4) establishment 
of a Central Statistical Bureau with a view to provide a common 
purpose and a central thinking office on the subject of statistics, 
(5) setting up of provincial statistical bureaus, and (6) legalising 
the statistical organisation thus ensuring and facilitating 
collection of statistics bom individuals or firms. No serious 
effort was made to adopt these suggestions. In 1928 The Royal 
Agricultural Commission recommended the question of statistical 
organization but only a statistical section was opened for the 
Indian Council of Agricultural Research. In 1931, the Royal 
Commission on Labour also recommended the establishment of 
a statistical organization in each province. 

The Bowley-Robertson Committee; —In August, 1933 
the Government of India invited Dr. A. L. Bowley and Mr. D, H. 
Robertson to report, ‘with a view to facilitating the further study 
of the economic problems of India, on the existing organization 
and range of statistical and other information bearing on the 
economic condition of India with special reference to the gaps 
which exist at present and the means of filling them and in 
particular to make recommendations as to the organization of a 
central statistical department which in addition to the collection 
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of statistics can co-ordinate statistical enquiry atid tnformaliiM 
for the whole of India, to consider the practicability and scope 
of a census of production, to consider the ma^rials obtainable 
for measurement of national income and material wealth and 
to make recommendations as to the intention or continuation of 
series of Index Number of prices, wages* production* etc/ They 
came to India in December and after visiting important 
centres reported in March, 1934. This Bowley-Robertson 
Committee Report entitled ‘A scheme for an Economic 
Census of India with special reference to a census of 
Production and Reorganization of Statistics’ is a document 
of a very great importance, though probably because of its being 
compiled in a short period of even less than three months, it is 
rather brief and has failed to deal with statistics of metereology, 
literacy, education and public health except birth and death 
statistics. The following topics from this report are of very 
great importance and so they have been given at length in the 
following pages. 

Organization of Statistics: —The Committee has rightly 
stated that ‘the statistics of India have largely originated as a 
bye-product of administrative activities, such as the collection 
of land revenue, or from the need of information relating to 
emergency, such as famines. Only in the case of population 
census and to some extent of foreign trade there has been an 
organization whose primary duty is the collection of information. 
As a result the statistics are un-coordinated and issued in 
different forms by separate departments. Though in some 
branches careful work is being done and determined efforts made 
to improve the accuracy and scope of information, in others 
they are unnecessarily diffuse, gravely inexact, incomplete or 
misleading while in important fields, general information is 
almost completely absent. The only co-ordinated general 
publication is the statistical Abstract, which however, omits some 
important statistics which must be searched for in other 
documents. The situation cries out for overhaul under the control 
of a well-qualified statistician’! 

To remedy this it was suggested that the title of the Director 
General of Commercial Intelligence and Statistics should be 
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abolished as the work assigned to this post was too multifarious 
and a permanent economic staff consisting of four members 
attached to the Economic Committee of the Governor-General’s 
Executive Council should be appointed. The four members to 
be taken should include one senior member who should work as 
the Secretary of the Economic Committee and should be in charge 
of preparing reports on urgent questions, the work of planning 
and general organization. Duties of the Director of Statistics, 
who should be a member of the Committee, should include (l) 
the conduct of population census, the office of which should not 
be temporary as at present, (2) the conduct of the Census of 
Production, (3) the co-ordination of Central Statistics and (4) 
the co-ordination of provincial statistics. The statistics branch 
of the Department of Commercial Intelligence and Statistics 
should be put in his charge with a view to facilitate his work. 
The Commercial Intelligence Branch, dealing mainly with the 
commercial enquiries, should be transferred to the Department of 
Commerce. The Director should be in contact with the other 
departments with a view to ensure uniformity and should be in 
charge of the publication of the Statistical Abstract. For each 
major province there should be a statistician to look to the 
compilation of statistics of the various departments and to 
conduct population census under the direction of the Director of 
Statistics. Till such offices are established in the various 
provinces the Director should arrange by contacting the provincial 
officers to promote uniformity in the provincial statistics with 
a view to facilitate their assembly into all-India totals. As the 
Census of Production is proposed to be quinquennial and as 
though the population census continues to be decennial, a 
supplementary census with an abbreviated schedule of enquiries 
mainly devoted to members, age, sex and occupation is proposed 
to be taken in the middle of the decennium there would be 
continuous work for the Director of Statistics. The remaining 
two members should be expert economists, working under 
conditions of utmost freedom which is compatible with member¬ 
ship of the civil service. As the field of economic work is so 
wide the senior and the other members should divide the territory 
for exploration amongst them according to their bent of mind 
and specialization. 
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Measttrement of Natiottaji Incomo: —The iiiy:ional income 
is the money measure of the aggregate of goods and services 
accruing to the inhabitants of a country during a year, including 
net increments to or excluding net decrements such as a loss 
of property by earthquake or disease to cattle from their 
individual or collective wealth. According to Dr. Bowley and 
Mr, Robertson the materials available for estimating the national 
income and wealth of India are very defective and the estimates 
so far attempted have become out of date thus requiring a fresh 
attempt ab initio. 

Two methods of calculation have been given:—(1) the evalua¬ 
tion of the goods and services accruing (Census of Production 
method) and (2) a summation of individual incomes (Census of 
Incomes) method. The two methods do not furnish a check on 
one another over the whole field and for want of defective 
material in the country are not likely to yield very satisfactory 
results. 

The first or Census of Production method involves:—(a) 
evaluating the net output of the various branches of productive 
enterprises, agriculture, mining industry, etc. It is necessary 
to avoid double counting e, g. counting both the output of wheat 
and labour of the cattle employed in raising it; (6) adding the 
value added to home produced goods and also to imports by tran¬ 
sport and mercantile services; (c) adding excises on home-pro¬ 
duced goods; {d) deducting the value of exports (f. o. b.) including 
gold and silver; (e) adding the value of imports (c. i. f.) including 
gold and silver; (/) adding custom duties on imports; (g) 
deducting the value of goods, whether home-produced or imported, 
which are used for the purposes of maintaining fixed capital or 
stocks or raw and finished goods intact: {k) adding the value of 
personal services of all kinds; (t) adding the annual rental 
value of houses, whether rented or lived in by the owners; (j) 
adding the increments in the holding of balances and securities 
abroad, whether by individuals or the government, or deducting 
the decrement in such holdings and or deducting the increment in 
the holdings of the balances and securities in the country by the 
residents abroad or adding the decrements of such holdings. 
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This method aims at evaiuatiag the goods and services 
accruing to the people of India during a year but in the case of 
some of these processes it is necessary to bear in mind the 
following comments:— 

In India a substantial portion of agricultural produce is con¬ 
sumed by the producer or bartered locally for services. It is 
necessary to value this portion of produce like the rest of the 
out-turn at its price at the point of production, not at the retail 
price which the consumers in distant markets pay, and which 
includes costs of handling, etc. which are not incurred on the 
home-consumed produce. It is necessary to add excises on home- 
produced goods and customs duties on imports as we are in 
search of the aggregate of exchange-values to the consumer. 
The operations in the case of (d), (e) and (j) can be easily justified. 
If a loan is raised in a foreign country the securities imported 
from the debtor country would form part of the real income of 
the investors. Again the increment of capital wealth, which is 
included in the evaluation of production or of imports, is 
balanced by a capital liability to foreigners and so must be 
deducted to find the net income. In the case of changes in owner¬ 
ship of bank balances at home and abroad and in increases and 
decreases in the stock of precious metals the above considera¬ 
tions are equally applicable. Strictly speaking, the services of 
the government servants should be included in the value of 
personal services of all kinds as they confer direct utility such as 
protection, amenity of life, etc. but such subtleties can be ignored 
to avoid complications at the initial stage. Besides this, in 
India the question of charitable gifts and of the payment tor 
services of a customary or religious nature is particularly 
indefinite. 

The Census of Products method is more fundamental of the 
two methods of estimating national income but with a view to 
tally the results of the Census of Incomes method with it the 
following precautions should be taken. 

All self-consumed produce and receipts in kind must be 
included in the individual’s income, valued at their selling price 
at the pojint of production. So must be the yearly value of the 
houses copied by the owners. All interest payments, even on 
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loans incurred for consumption purpose must be ^deducted before 
entering the individual income* The income of all individuals 
in the country including interest on government Securities should 
be entered gross i. e* before payment of direct taxes including land 
revenue. The income of government servants should be taken 
inclusive of pension rights accruing during the year, To this 
total should be added the undistributed profits of companies and 
the net profits of government enterprises. It is necessary to 
deduct from the total the amounts of interest on government 
loans other than for production work and the pensions of [ex- 
government servants, whether due at home or abroad. To the 
total arrived at should be added receipts from customs and excise, 
stamp duty and local rates. 

The authors of the report did not then recommend for India 
any estimate of national wealth as a whole. The two methods 
used elsewhere were of no use to India. The first is to capitalize 
the yield of all income-bearing property, including goodwill, 
assigning appropriate numbers of years^ purchase to the rent of 
land and houses, dividends, interest, etc. and sometimes to add 
estimates of property publicly owned such as docks, railways 
government buildings, etc. The second is Tto use the statistics of 
property passing at death as shown by the probate and death 
taxes. This procedure is not possible in India as there are no 
taxes on inheritance. In the case of the first method too there is 
not enough information for ascertaining values. 

Though under the circumstances it is not possible to mea¬ 
sure with precision the total wealth it may be possible to 
give some indications of its change by series of estimates relating 
to public expenditure on permanent work, investment of 
new capital and to other expenditure of the nature of capital 
outlay. 

The investigation proposed for estimating the national 
income is primarily on the basis of production but, as in similar 
estimates in all countries, a minor part depends on individual 
incomes. The proportion to be thus estimated is probably greater 
in towns in India. Partly owing to difference in the nature 
of the products and partly because different methods of investiga¬ 
tion are necessary, rural income is distinguished from urban 
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income. For rural income they recommend an estimate of the 
quality and value of all goods and services arising from the 
land or rendered in the village by the method of intensive surveys 
in selected villages. For urban income they advocate, in the first 
instance, surveys of the larger towns based on a sample enquiry 
of the personnel and occuptions of families, an estimate of their 
incomes by personal statements and by investigation of wages 
and salaries current in towns. Income tax statistics can 
afford valuable help for incomes over Rs. 2000. They have also 
recommended an intermediate urban population census. These 
three enquiries would be supplemented by a census of production 
applied to factories using power, mines and some other industries. 
There is a likelihood of overlapping but when all materials are 
assembled, this duplication can be estimated to a large extent. 

Rural Surveys :—For the investigation of rural income the 
committee has recommended that an adequate number of villages 
should be selected by random sampling for conducting an inten¬ 
sive survey. A list of villages in a province should be made in 
geographical order of districts and they should be selected by 
starting from some random number and by keeping equal space 
between the villages taken. Once a village is marked for an 
investigation it should on no account be substituted by another. 
The report has given the minimum number of villages to be 
investigated in each province. 


Province 

Number of villages 

Number in sample 

Bengal 

86,000 

250 

Bihar & Orissa 

83,000 

300 

Bombay 

21,000 

200 

Central Provinces 

40,000 

200 

Madras 

51,000 

200 

Punjab 

35.000 

200 

U. P. 

106,000 

300 


With a view to make the total for British India some esti¬ 
mates must be made for Assam, N. W. F. Province, Tea planta¬ 
tion of Bengal, districts of Bengal where coal-mining is impor¬ 
tant and the areas affected by earthquake and not fully 
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resettled till the date of enquiry. Again the report has advocated 
that the investigators should be trained persons and they should 
establish personal contacts. 

Urban Surveys:—In the case of urban areas surveys of 
larger towns is suggested in which enquiry should be made of the 
personnel and occupations of families. The problem is to be 
dealt with firstly by a synchronous survey of those cities having 
universities and secondly, by making similar surveys of other 
towns though not so intensively. 

University City Surveys: —A central committee should 
prepare and outline of enquiry and co-operation should be sought 
of the economic staff under whose guidance, students of econo¬ 
mics should carry on investigations. There are two methods of 
approach : occupational and by families. In the case ' of occupa¬ 
tional census which is almost essential, enquiries should be made 
in each industry and important occupations in the town, regard¬ 
ing current rates of earnings and wages for the year making 
allowance for the seasonal variations. The enquiry should be 
extended even to clerks, municipal and railway employees, tonga 
drivers, etc. and not restricted only to those employed in 
constructive industries. It is necessary that the method of pay¬ 
ment, piece or time wages, should be clearly mentioned. An 
accurate list of tenements should be made and in the case of big 
cities of more than 150,000 population they should be divided into 
wards or groups of which having units of about 30,000 houses. 
Of them about 1000 houses should be selected at random for 
investigation. 

Census of Production: —The investigation should be made 
in the case of concerns employing 20 or more persons and using 
mechanical power but some small workshops, certain industries 
where mechanical power is not used such as brick-making, carpet 
manufacture, railway and all establishments under the Mines 
Act should be included. There should be a special act of the 
Central Legislature making it obligatory to supply facts when 
demanded and this work should be conducted by the Director of 
Statistics. The essential facts to be elicited are the aggregate 
value of the sales and the aggregate cost of materials for each 
factory. The classification of products should be the same as 
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that of exports and imports. The employees should be otas^ 
as salaried persons and wage-earners, young and adult with m 
extra statement of the age division between the two sexes, male 
and female. Details of the amounts and values of different 
commodities produced and materials bought and of power used 
should also be obtained. In the beginning there will be difficul¬ 
ties and oppcsition to the investigators but with periodic repeti¬ 
tion of the census they decrease automatically. 

Government Publications:— The authors of the report 
have suggested the publication of a book of the type of the Guide 
to Current Official Statistics published in England. The purpose 
of this is to direct enquiries to all current official publications that 
contain statistics bearing on his subject and more especially to 
inform him of the nature of statistics he would find in the volume 
to which he is referred. This guide will give an idea of 
statistics already available and when a new enquiry is to be 
made it will be very useful. “The publications”, the report says, 
“are out after a long interval after the period is over and great 
difficulty is experienced by the public in obtaining them.” In fact 
an attempt should be made to make them popular as well as 
easily available. 

The report has devoted one full chapter on serial statistics 
and has also discussed at length the formulation of different 
problems regarding population, natural resources, capital and 
organization. 

Sources Of Statistics in India:— From the above 
historical account it will be seen that we have not got many sources 
of statistics in India. The main source, without doubt, comprises 
of the periodical reports and publications of the Government of 
India as well as of the Provinces and Indian States including 
those of the Municipalities and District Boards. The various 
committees and commissions such as the Royal Commission on 
Agriculture, Banking Enquiry Committee, Tariff Boards appointed 
by the Government have during the course of their enquiries, 
collected very useful statistics. The third important source is 
the collection made by semi-government bodies such as the 
Reserve Bank of India, the various railways and research 
departments of the different universities. But research agencies 
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^. i'fl»% IkS-l^ varjk»js Chwabesr^ lOf, €onili#r« lH«i 

|||ji^'{jj Wl j|»t»z ^ do attfflaopt is this t|^ « 

$(^«cOBOaMc and'ooaua^ciai par4Q«i^0t^l) soctt 
Cafiial, CommBre^ maintain as «a 
r<9Ktilai; intervals trada statistics but it is cBOsilje 
(#|iaiaQd ^om dia Ciovemment The work of the lm{>ra^l Coimieili 
io{,4d;rii;iiitetel Research as well as that of the Isdiao Stetialiciil 
illtestihtte.< 9 i Calcutta is of great importaoce in this 4ireatio>t< 
BdvatOfoounercial concern as well as joint stock oompatiiMS alsa 
ccdlect some useful statistics to seirve their purpose but the data 
msijsot prdilished and very few have an access to them» aa they 
ate Gonsidared hii|hly confidential lest the mattw may by teusd hy 
cooUtetitive concerns. In short, in India we have to det^d 
in^njy upon the Government or the semi-government institBtimt 
for statistical material. 

Defects of Government Statistics;— In India, as alraa^ 
stated, we have statistics compiled and published mainly by Ihe 
various government departments. Their collectimi, however, hr 
attended with a number of difficulties. India is alr^ost a 
continent and due to its vastness this work becomes difficult 
as well as expensive. The percentage of illiteracy is also vei^ 
high and because of this, it is almost impossible to obtain active 
tesponse and co-operation of the public in general. Schedules 
cannot be got filled by the informants and even if enumerators 
apiwoanh them they are, likely to be suspicious because of their 
ignorance. Again, due to the existence of a few cities and mote 
villages the popmlation is widely scattered and for enumeration 
this is a great handicap. To approach people living in 
Scatteted areas means more time and energy as well ns expense. 
Thete is also a great dearth of trained personnel to undertake 
efficiently statistical work. Because of these and other things 
stdtistlca m 'India ere defective in sevarai respects. 

In the first |>lace they suffer from lack of co-ordmatimH 
‘Sfedlstka for India have lai^ety originated as a by-product 
a(|ta(l«faWaffve activities’ and naturally, therefore, there w®s''pp 
jjihix&^for tb^ coliettioa and tabulation. Di^imt 
toehhi df the Government collected them to sorve tlwir 
47'-48 
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^ HM b^ M efficteit orgaftiraticrii it ibn&i cfertrt iB 
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hmn easily avoided* After the poblkatioh df their i^orti efft^ts 
are being made to organise this vrork properly but even now the 
pfogress in this respect is not quite satisfactory. The fallowing 
mixmtkB of KnibbSi Commonwealth Statistician of Attsfralia 
made in January 1920, in his paper to the Royal Statistical 
Society aptly apply to India also. * A Department whose duty H 
is to keep the Govewiment, publicists and economists aUd th. 
mMion genially informed as to the movement of every impdrian- 
activity in it, and of population facts, is of obvious value i 
int^igent direction is to be given to national affairs, or a^ 
imilligent study of them is to be made possible* To a laig. 
eaitenty existing statistics are a side-product of various goverU 
ment or other department, produced mainly as a sort of public 
advertisement of their activity or for departmental use, eac« 
acting on its own initiative, the whole un-coordinated and ofte 
without appropriate technical direction. 

Secondly, Indian official statistics are not considered h 
be very accurate as well as reliable. The main reason for thi 
is that the agency employed for the collection of data is fa 
from satisfactory and this is much more so in the case « 
agricultural as well as price statistics. Though governme* 
officials try to present the statistics as very accurate, the dat 
collected cannot be said to be very reliable. In this connection th 
following extract from Sir Josiah Stamp*s book, ‘Some Econom 
Factors m modern Life* is very illuminating, Harold Co 
when a young man in India, quoted some Indian statistics t 
a judget the judge replied, “Cox, when you are a bit olde 
you will not quote Indian statistics with that assurance* Ti 
Government are very keen on amassing statistics; they ooll^ 
them, and add them, raise them to the nth. power, take the cu’ 
root md prepare wonderful diagrams. WJiat you must nev 
forgot is that every one of those figures comes in the first insist 
from Bkimhid 0 r (village watchman), who just puts dow*^ wha;t 
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aid ai^^tsd m^hods of analysing the primaiir^dfttit. 
i|Iso exists inconsistency as well as incompleteness ip the 
dbtl^^s and ^his is mainly dud to the stafisticl ‘ being the 
b^^roducft of aShithistrative activity as well ks absiteiie 
Iteming and lack of co-ordination. If the colfeOModl' of 
^llstscid is pro|)erly planned not only ipcomplstetess will 
be removed but checks and counter-checks can be introduced. 
Another defect in the case of Indian statistics is their inade¬ 
quacy. This has been clearly brought out by the remarks of the 
ludiaai Economic Enquiry Committee quoted at the beginiiing of 
this chapter. They are also not self-explanatory because prior toi 
the publication of the ‘Guide to Current Official Statistics^ no 
elFort was made to give their exact scope and significance. 
Above ally the most irritating defect is the inordinate delay in 
their publications. If they are made available in proper time 
they can serve as guide for future planning. For instance, the 
Review of Trade of India is out months after the official year is 
oven Even the trade figures about India’s trade are published 
earlier by the British Trade Commissioner in India. Things cap 
be improved to a great extent if an efficient staff is recruited for 
this Work 'and proper organization and co-ordination is saught 
Since the counry has achieved political independence, great 
scope for economic development is available and scarcity of proper 
statistical material is a great handicap to economic progressi 
as a country’s planning has to be necessarily based on that and 
the ekrMer this organiz^on is made the better. 

Government Statistical Publications: —The various 
government offices collect and issue statistics relating to different 
topics such as prices, wages, agriculture, industry, trade and 
transport. A layman, however, used to experience a great 
difficulty in ascertaining where he would find statistics pertaining 
to his problem. In England by the publication of the booklet# 
*<3tride to Current Offical Statistics* this problem was solved 
ago. The BowJey-Robertson Committee recommended that such 
a guide ^ould be published in India. 

- Guidie to Cwteni Offiotgl Statistics:—This 
tet jptkpared in Novemberi 1941 under the instructkm hggdrtbg 
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t (a) Prifiii^ Profiuetion ; 0) Agr;icaltui:e, {jiij Ant^ 
l^bji]^i^, incliafing fisheries, (lu) Irrig^itioii, iiy) JFomifcp, 
6v) Umm^ !' 

(b) lufittistrial Pivfiiiction : ii) Large-scale mairafactorirNir 
iadllstrles. (ii) Power production, (iii) Cottage industries. 

II. Prices. 

The seccnid vrduBie, which was got ready two and hidf yeses* 
biter imdudss tl» follow^ sectionsr-^ 

L Trade (a) Foreign Sea-borne Trade* (b) Coastal 
Ttadb^ (c) Land Frontier Trade* (d) Inland Trade and (e) M»- 
c^bmeous. 

II. TranafKirt and Commtinications:—<a) Raifwaye 
IRtmds* (c) Shipping, (d) Canals, (e) Civil Aviation, (f) Posts 

Tidegrapbs and Telephones and (g) Radio and Wireless. 

III. (a) Joint Stock Companies and (b) Index of Pn^ts. 

IV. Insurwice. 

V. Ct>*<»perative Societies. 

VI. Banking. 

VII. Currency and Coinage Exchange and BnlEon 

(including securities). 

In each of these volumes under different headings is given 
file list of current official publications on the particular subject 
and sheet description has been given of the matter to be found in 
the ymblications. At the end an index is appended. For cmi- 
vpinwice of ready r^d^ace the index has bedi divided i^o fMfO 
pacta Thefiratisfiie ‘Publications Index’in which ondtrfiM 
head of eadh of the publications arraxged ai|duibetically a da ti di 
eii>iltf<nMdie to all the^ltems included in the guidd has liadDi giver 
iur.)ai|MMML oeder. The seoemd is the 'Subject {ndag* ’ 
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Aa bmid are aeveral official imbltcaMoOa ^giviof 4iatiaii€$al 
ii^aillar j|s ppssii;»ie to examine all of tbmx^ in Ibis email 
yeiaiM* Effort baa, therefore, b^n made to give in brief Ibe 
imi^tant statistical matter contained therein under 4i§mi^t 
toi^ics* 

4#^0lilliirnl Statistics:—Even to day India is dependent 
iargeiy on its agriculture and so it is needless to einphasiae the 
importance of reliable and detailed statistics regardiM agricnitt|Ei^ 
Eand revenue has been one of the principal sources of income 
to the Indian Treasury and so we possess statistical records 
collected by revenue officials in the course of their administrative 
itfbrk. Even as early as 1866 we find agriculture statistics 
compiled by provincial governments. The first attempt to fore¬ 
cast wheat crop can be traced to 1885* 

Statistics relating to agriculture are available m the 
following important current official publications:— 

1. Agriculiural Staiistics of India, Volumes I and 11 1 —• 
They mo issued annually based mamly on the annual retutas 
feimished by the Provincial Governments and Administrations to 
the Department of Commercial Intelligence and Statistics, Ip tiie 
first volume are given statistics relating to British India regarding 
area, prices and land tenure and revenue. Details are given 
nbout the area according to the professional survey, area under 
forests, area not available for cultivation, cultural waste other 
than fallow, current fallows and net area sown. In the section 
on the pjrice are given tire prices of important crops at harvest 
time. The number of crops for which prices are available varies 
from four in Madras to twelve m Bihar and Orissa. The second 
volume deals with the statistics relating to Indian States. These 
volumes also give details about area and irngaticm with 
individual figures for nee, wheat, barley, jowar, b^j^> maize, 
sugarcane and cotton in addition to other minor crops. 

% , Ama and Yidd Ptimoitad im 

This IS published ammally and the crops dealt with 
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^ 3. Piitnit$iit>n S##^^«f*cs>-comprise of area, prMnotto, 

^i^raige natnbot of |>ei^sOils employed daily and exports r^(tefeit 
t6«ir«idffee and rubber. 

4, Statistical Abstract for British India. It gives in addi- 
feteit the area under important crops and the yield'as given in 
flie Jfcl^feulttirad Statistics of India volume I, figures of rainfall 
and letnpi^atura 

5. Quinquennial Report on the Average Yield per Acre of 
Principal Crops in India. 

Besides these publications periodical crop forecasts are 
; issued |rom time to time about cotton, wheat, sesamum, nco> jute, 
castorseed, etc. Agriculture and Kmmal Husbandry, issued annu¬ 
ally by the Imperial Council of Agriculture Research is a very 
vadtiable publication as it gives particularly the progress of 
research on the various crops and the improvements effected in the 
method of production. Indian Trade Journal published weekly 
mi Monthly Survey of Business Conditions also contain useful 
agricultural statistics. 

The variety or agricultural statistics is very often questioned 
mainly because of the type of agency employed m collecting them. 
In India the work of making primary estimates is done by 
Village accountants, whe neither possess the requisite training nor 
havd adequate time. They are saddled with the Revenue collect¬ 
ing'Vrork besides other administrative duties and naturally, there¬ 
fore, very bften the collection of statistics is not attended to by 
them but by chaukidars who are not quite literate. Many a time 
tha returns are filled by looking to the old record, with a few 
alterations based on general enquiry or information or ev^ by 
making some changes just with a view to show that they are 
accurate. These figures reach the provincial government through 
the District and Taluka officers who also make snch changes as 
they dfem necsessary, not in any case based on further 
invnstigaliona All India statistics are compiled from 
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#i6 j^^ifUMSf/ ITite village 'acoi^taQti^ iKeaillsr 
i||lpM($bi$<Jb«tSer !«tQB4tti<Ka8 both m isegaids the cuttii^alito as 
<f4n^*ai ^ait ai^ its irield. This is dcrae to avoid g^vlag taadb 
inimissioa in tito iiayment of land revenue to tj» «tata, tli^ 
tto . rapfHTt great changes as ia that case thef wH have to be 
tt^Splaiaad) Foitehast made on Ammwari system axa far Ircan 
^,«tdi|factory. These estimates being generally in the form of so 
wmxg mmaa by taking sixteen annas as standard. As «t^r 
of hid! on anna is very likely to be perpetrated and its ^E«ct 
is the cases of a crop below the normal will be large iti the 
ease fd eight mina erop; it being more than 6%. This method 
^Ould be changed to that of stating the yield in mauads per 
^gba or m percentages. In the case of yield too it should be 
ascertained by means of crop cutting eacperiments based an 
raadom sampling. Even the fixing of standard yield is fairly 
c<»npliaated as it does change with the lapse of time as well as 
with the introduction of changes in agricultural methoda It 
is very necessary that the staff engaged in this work shoaM be 
properly trained. Sometimes there is no uniformity in the 
computation of cultivated area particularly in the case of land 
yielding more than one crop. 

In places where Ryotwari or Temporary settlement system 
is in vogue stafistics collected are more accurate than those from 
the permanently settled areas such as those in R«ngql 
Bihar. This is chiefly due to the absence of village accountaate 
and subordinate revenue officials. The estimates in such ar^ut 
are j^pared by village headmen through the help of the police 
and as sach. they are not very reliable. 

In the case of livestock the census taken is quinquennial 
Th«e is no proper statistical data regarding animal product^*' 
such as meat, milk, eggs., hides, bones. Because of some Wt 
the states not joining the quinquennial census of livestock the 
figures fB?esented are likely to be not very accurate. The present 
ckissification also needs to be widened. Besides, owing to 
busk of uniformity in tlie time and method of enumeration, it is 
iMdieved that the reported figures are not free from errora > 

IVanspoii and Cemmunfeation Statistics t—Tfanspetf ‘ 
statiato' can be classed under five beadsi--^A) Railwayed 
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itfae ^p3xm vehAtm to mmiiif oi»tey «ll'' oi^MKjide 
1^ 4cpnrtemt8 m «Kr«ct touch wi^ xiNfi«hlf*« 
>|wp|lK:ii09 Wtd titoy are foirty ixirrect asd roHabfa»> i ' 

^ .(A) KailwiQnK^StBti^s reiatiug to toiltoBtfi ato v»^r 

<h« foliowkig fntolkationst^Aomtol 
Sa0mt0 JSoard on Imdmn Rnilways, Volumo t nnd it. 
it’Otoufo fuxtush ]iilormatioQ relating to the milea^ of 
jtoi$>E«!toltof thiuir worhiog regarding the numbw «3f ^patsongtos 
^b 4 toe tonnage of goods carried and the eaFOiogstoenfroio. 
Btoides these the financial results showing traffic nec^toi 
expenses, d«isLty of traffic, etc. are also given. The 
first volume gives a description of the general position diwfeiag 
actentkm to the impcutant features noticeable m toe Sttoistioal. 
Tables which are to be found m volume. II. (2) Staiiotieid 
Aistrmt for British India —In the publication all the importnat 
tables from the Antuial Reports of the Railway Board are 
refroduced givmg figures for the years in every case. Beaides 
these, statistics relating to earnings and wagon loadbiga ase 
available from the Indian Trade Journal and Monthip Seavep 
of Business Conditions. 

(B) Roads:—Information rating to road tramport is 
isaiflly available from Statistical Abstract for British India. It 
gives length of roads mentioned by public authorities as well as 
toe number of motor vehicles running m Bntish India. 'Indiem 
Road^' issued nsonthly by the Departments of CommmikatiODS 
gives ^flatistics of extra-municipal roads mentioned by patdfc 
authorities and also contain details concerning the aaduae <of 
the roads r. e, whether bituminous cement, macadam, etc. Besides 
toese both the volumes of Agricultural Statistics give useful 
statistics about the number of carts m the various provinces based 
on periodical censuses held in the various provinces and states. 

(C) Sfaindng:—One of the mam sources for MiiMtieB ett 
this branch of communkation is 'Acoowitfs relating to Seis. 
heme Trade and Havif^ion of British India issued by Man 
Department of Commmrektl Intelligence and Statfstks. It^iees 
details about the taovem^toof carg^sb^pmg, sucli ais toe nulhbw 
and totowiB of vessels that are entmed and dmred wtto oatidaai. 
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'‘fiM BritMi Isdian I^oits classified acoordfiig to tbe 
ajrrived add to \rhidi thejr ckared, fiie 
aftticMudi^ the vessels, and the port into or from whidh the 
dhelpB eMdced Otcleaiedi It si$o gives the nttmbor and tonnage 
of nfemis bniit aa the eeveral ports of each province as well as 
fitihe mnikbir end tounage of vessels first registered in British 
lhadia. Th* 8tatiatield Absiract/or British India is also vetg 
useful as it gives details regarding cargo traffic, the number of 
vesa^ (telpnging to or registered in British India, returns of 
wrecks and casualties in Indian waters, and passenger traffic. 
Monthly Surety of Business Conditions also contams monthly 
figof^ of tonnage entensd or deared at British Indian Ports. 

(D) Cwm^:—Canal transport in India is not mudi 
developed. The Af^tutd Statistical Abstract/or British India 
gives ddtaSs conoenatng the length of canals open for navigation 
total number Of boats plying cargo and the quantity of cargo 
diantedand ffie total number of boats and that of passengers 
harried. Amtual Seview 0 / Irrigation in India and Triennial 
Mtviexd Irrigation in India both issued by the Government of 
India contain figures d tbe length of navigable canals available 
lot use in -ffie various province. 

(E) Civil AvinBtm :—The only official publication furnish* 
ing dWt aviatfon statistics in the Report on the Progress of Civil 
Avfysti&n in India isauod by tbe Directorate of Civil Aviation. 

gbnn fiMtlculBta ragarding ahr malls carried, persesmdi 
emptoyod wusa b ier of fiiieffits, number of passengers, total freight 
carried aitd sdso e^eradooal datistics relating to the variewm 
ladiite ah’ services. 

fknUMHdkMtlmh t —^aiistks regarding communkationSi 
Oiffiiur da* bonaDOGlitavclassified under two heads ;—(A) Posts, 
Twimiay dte «ad Tah^taces and (B) Kadio and WitelMS 
StahMIoa JMtetafg to toe immex group are availtole in (i) 
iitown a i Mepor* toe iJPtaf tmi Tdegraph Depurtsnmt 
^(disi^letdAibtttaat for the BriU^ India and (3) Monthly mrdep 
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Pr0gf0Ss q/ J$r00^lim^ing in |if4i# ^fcH Jb« 
^#^<4l#r of Buoadmstii:^ give^ ii|^«s#|3if 
. 1 ^ i^^ving licenses ai^d that qI pt}Qgi:ainm^^^ |trw^i*^| 8 j|^ 
(Mure. 

fudnstriitl Siati8lks:-^ln India Industrial a^aldishiii^^ 
etiipl<iymg not less than twenty persons per day me Imtoied in 
laiie industrial establishments and stalistks rating jfen lltese 
gfft available hut not for cottage indus^ies in the caii df 

the handloom mdustrv. 

Statistical information relating to large-scale Industries Js 
available from the following publications:— 

(i) Large iuduUrial Eztablishmi^U in India :—It ^ a 
biennial publication and contains statistics of avemg/e daily number 
of workers and also of factories which are classified as (^) Texti¬ 
les (b) Engineering (c) Minerals and Metals (d) F 004 , drink an4 
tobacco (e) Cliemicais and Dyes (f) Paper and Printing (g) Process 
relating to wood, stone and glass (b) Process connected with hides 
and skins ( 1 ) Gins and presses and (j) Misc^llanepus included 
therem are grass farms, mints, ordnance factories^ rope-works 
an4 f'lbber works. Perennial and seasonal factories are con¬ 
sidered separately. The latter group consists mostly of those 
dealing witli food, drink, and tobacco, and gin presses. 

Monihiy Statistics of Cotton Spinning and Weaving 
in Indian Mills :—This give statistics o& quantity of ywra ^un 
in ttw miils and quantity of nmnufactuied good& The figures arti 
compiled from returns submitted by tbe mills and ace gtwirin 
serrate tdiles foe each province and for all other territory* 

{ 3 ) Monthly Statistics of Production of certain selected 
IfsdUsiriais of India:—"The publication, -wMdt is isMod «t» ^mes 
ia a year, contains statistics of (a) |ate matmfadsute, %i) 
Papmr manufactures, (c) Iron and Sted manufaettres, (d) Petrol 
(e) Kerosene oil, (f) Cement, (g) Wheat Hour, {h) Fakits, (t) Hauvjr 
Chemkals* 0) Su«^, (k) Klhtcbes and (1) Products oft distiilsflei 
and browies* * ■ < ' '5,» 
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'iiWaii^jii^ idtoa.i»>ttoa:-and ^'amouat of cottfni..pi<eBSed< fn 

:'.iS^'‘4i(iii'aB |)«ami&g."{affitori«a' m ]^iti$h India an^in tba lodiaii 
Slatcsi. 

A6^#riycl;^Tl^is important p^W sup- 

|g|«|i i|lfoi:ip^ioa regarding the numl>er of factories in Brit^h 
daily numbor of workers classified accord- 
infj lo , sex as as into three broad groups; (a) adults who have 
0opn{d#e4 the seventeenth year (b) adolescents, who bpe 
the fifteenth year but not the seventeenth year and (c) 
ohikiren b^ve not completed the fifteenth year. It also gives 
the janmlw of factories in Indian states and the average daily 
number as well as production of yarn and piecegoods in cotton 
mdls and the production of certain selected industries as are 
found m the Monthly Statistics of Production of Certain Selected 
Industries m India* 

(6) ^iatisHcs of Factoriesi'-^tt is issued annually by the 
Labour Department of the Government of India and gives the 
distribution of the number of workers in cotton and jute mills 
and the classification of factories according to the length of the 
intervals jpranted and the normal number of working hours per- 
week. it also gives details relating to the number of convictions 
for Ibranches of the Factory Act 

i ■ ' ' ' I'f . , 

(7) MpntMp Survsy of Business Conditions :—It is issued 
by the office of the Ecefiomic Adviser and gives statistics regard; 
ing prodnctiimi oi cotton piecegoods and production of jute, irpn 
and Steel and sugar manufactures^ Summary tables comparing 
two years^ production figures and charts showing the variation 
over a numliW of years in the production of the above industrial 
are giv^ The poMkation also provides monthly statistics ©f^ 
electrical power, generated and consumed. 

CwUlMI^ ItMlttstirieas^-"A8 alr^dy remarked the only cottage 
Mnslry for which alhlndk; estimates of production have hnen 
atW^ted from time tp time is the handloom industry and 
irO'letod* in lha''iilVlew'‘i»§‘Ttade pi India. The'Census'Repoii^' 
ail^l thi| of tbi lndian Tariff Board regarding the grant. #fi 
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tiler €klirsin«iisiit to oollact statistics of soa|i as awU as'isf mmfBJbSfi 
gaodaots iadustriss m both oi them have attaixis4 ocwM^rilbSs 
importance. 

Price Staliatits: —^The price statistics can bedasfilhedotider 
two heads, whdlesafe and retait. Wholesale prices of aH ttie 
ptmcipal commodities entering the trade of the conPIry iwe 
based on the reports from commercial bodies at Important 
commercial centres and so they are to a large eifctent satisladiery. 
The quotations for retail prices are mainly for foodgralna end 
saltj but they are not very satisfactory as they are compiled ItOm 
the reports of revenue officials. Because of Iheir preoocufatlon 
as well as want of adequate training the reports are not very 
correct. Sometimes they are sent without sufficient personal 
enquiry and also by not taking care to see that the quotaftions 
are for the same quality of the commodity. It has been noticed 
that even though the market prices have changed appreciably the 
prices statistics do not record the change to that extent. 

Statistics relating to prices are available from the following 
Important publications:” 

(1) Indian Trade Journal) —This weekly publication by 
the Department of Commercial Intelligence and Statistics gives 
statistical information regarding the wholesale prices of certain 
selected articles at various centres in India. These figures are 
published once a month and represent prices prevailing at the 
end of the month. It also publishes the monthly index numbers 
of wholesale prices in Calcutta, weekly price quotations irf Im¬ 
portant commodities in selected markets, retail price of salt, 
harvest prices of certain principal crops, monthly figures ol 
prices paid for sugarcane delivered at the factories and the price 
quotations for tea at auction sales m Calcutta* 

(2) Index Number of Indian Priom^Tkie quenqottonial 
publication gives available information relatmg to piicea of 
exported as well as imported articles, Index Numbers of retail 
prices of loodgrains and weighted Index Numhms of wMeaale 
prices. For this index number important commodities Uke 
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(3) Abitraei far British India i~Thi^ puMicu* 

tloii^ monthly Index Number of wholesale prices lU Calcutta, 
Atmria! liipdex Numbers of prices in India for exported^ imported 
and nil articles. Annual Index Numbers of retail prices of food- 
grains in India. Wholesale prices of certain staple article of trade 
at selected stations, monthly Index Numbers of worfeing class 
coat of living in certain industrial towns, average annual retail 
prices of sales and average annual retail prices of foodgrains. 

Besides these main sources, price statistics are also available 
from wholesale Prices of certain Staple Articles of Trade at 
Selected Stations in India, Agricultural Statistics of India, 
Sfonthly Survey of Business Conditions, Review of Trade of India 
and Weekly Market Reports relating to Wheat, Linseed and 
Rice. Most of the information contained in these books is 
found in the publications mentioned already. 

Cost of Living Statistics: —In the chapter on Index 
Numbers details have been given regarding the principal Index 
Numbers in tiie country. Monthly Survey of Business Conditions 
in India and Statistical Abstract for British India are the two 
important publications for obtaining statistics on this topic. The 
former gives monthly index number of working class cost of living 
in some important cities. They are not, however, directly compar¬ 
able, particularly as the based periods differ and some ignore the 
important item like house-rent. Besides, various provinces issue 
Index Numbers which would be of great help in the study of this 
important topic. It is however, necessary that index numbers 
should also he computed for middle class families also, 

Slatialics: —In India wages Statistics are not 
availabfe to the extent they should be and it is much more so in 
tfee case of rural areas. In many cases labourers are paid in 
cash as well as in kind and are also given some other eoncessiem. 
Again in rural areas and even in towns it is not easy to collect 
tolled data for want of trained staff due to the absence qf active 
corigiparation on the part oi the labourers, Statistics o( wa^ 
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such statistics are not normally available. In the case of m$mii 
occupations customary statements suppljecl by revenue cheers 
a^e available but for reasons already stated they cannot be 
completely relied upon. This problem is of ‘great 
importance and needs immediate attention on the part of the 
Government as well as of social workers. 

Trade Statistics: —In India official trade statistics arise 
out of compilations made in the course of administration of laws 
such as those relating to taxation of imports and exports and 
from compilations made from returns received from the railways, 
the latter really covering only a small section of India’s inland 
trade* The external trade includes sea-borne trade with foreign 
countries as well as across land frontiers, and the internal 
trade comprises of rad and river-borne trade as well as coastal 
trade. The important official publications furnishing detailed 
trade statistics are (1) Accounts relating to the Sea-borne Trade 
and Navigation of British India issued monthly, (2) Annual 
Statement of the Sea-borne Trade of British India with the 
British Empire and foreign countries issued in two volumes, 
(3) Accounts relating to the Sea-borne Trade and Navigation of 
British India for the calender year published annually, (4) Trade 
Statistics relating to the Maritime States in Kathiawar and the 
State of Travancore (Monthly), (5) Accounts relating to the 
Coasting Trade and Navigation of British India (Monthly), (6) 
Trade at Stations adjacent to Land Frontier Routes (Monthly), (?) 
Accounts relating to the Inland (Rail and River-borne) Trade 
of India (Monthly), (8) Exports of Indian Artware and Sports 
Goods (Monthly), (9) Review of Trade of India published 
annually and (10) The Indian Trade Journal (Weekly). Be¬ 
sides these much useful information regarding trade sti^tistics is 
available from the Monthly Survey of Business Conditions in 
Indict issued by the Economic Adviser and the Statistical Abstract 
for British India published annually. 

Of these the Annual Review of the Trade in India gives 
comprehensive information regarding foreign trade of India inclnd- 
the maritime states. It is divided into two parts: the ftopbrt 



StaitwMm 


Ml 

the StiWiHloi! TaMe^i ^TBe contains ^bsei?vations on 

aovMopmetits litside the country as ucll as abroad; 
aocpi|^ of the chief influences at work in the field of 
trade,, 4 fiarticularty in the markets for the staples of India’s 
foreign trade and on conditions prevailing in the fields of 
agriculture, industry, and economic policy in so far as they 
influence the course of trade. In this volume is also given an 
analysis of particular items of imports and exports trade as well 
as directions, of overseas trade. Various statistical tables are 
given showing analysis of trade figures according to countries 
as well as commodities. Information is also available from this 
volume regarding land-frontier trade. In short, it is a very 
useful publication, only that it is published long after the 
completion of the year and imports and exports on the govern¬ 
ment account are not given in as much detail as those on private 
account. This comes in the way of finding out accurately the 
total trade in particular commodities. 

National Income:— According to Dr. Bowley *By Total 
National Income’ is generally meant the aggregate of the incomes 
(including earnings) of the persons comprising the nation; 
income taken as meaning the money value of goods 
coming into a person’s possession during a year for his own use 
(subfect to a rate and taxes) after all expenses connected With 
obtaining it are subtracted.’ There are three main methods of 
measuring it: (a) Census of production, (b) Census of Income 
and (c) Occupational Census. Unfortunately for want of reliable 
and complete statistical data even one of these methods cannot 
be applied to obtain satisfactory results. The suggestions and 
remarks of the Bowley-Robertson Committee on this topic have 
already been given at length. 

Inspite of the want of complete as w'^eli as very reliable data 
attenapts have been made to estimate per capita income by many 
persons the results of some of them are as under:— 







Author 

Year for mkkh 
estimate mm 
macks 

locidtde 

ks. ' 

1 

Dadabhai 'Navroji 

1868 

... 

20 

Cromer and Barbour 

1882 

27 

F* Q. Atkinson 

1895 

35.2 

Lord Curzon 

1897-98 

30 

William Digby 

1890 

S8 

Wadia and Joshi 

1913-14 

44.3 

Shah and Khambatta 

1921 

74 

Fiodlay Shirras 

1922 

116 

Vakil and Muranjan 

1925 

74 

V. K. R. V. Rao 

1931-32 

65 


The estimated figures in the above table vary considerably 
and so in comparing the per capita income several points 
must be borne in mind> In the first place, these figures relate to 
different years and so it is very necessary to assess carefully the 
economic condition of the people as between the different; 
years. Due allowance must be made for the change of, 
the Index Numbers of prices in these years. Secopdly, it must 
be seen whether the area covered by the computators is the 
same or not. Most of the authors have prepared their estimates 
for British India but the calculations of some of tfaem> 
including Prof. Shah and Khambatta, are for the whole 
of India including native states. Again different methods 
have been used by different persons. Principal Findlay 
Sbirras has not made any deductions ivhile others have made 
them but in varying degrees. It is> boweveti hoped that after 
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the statistical department has been properly organized it would 
not be difficult to have a reliable data for ascertaining the 
National Income. 

The Census Reports: —It is customary on the part of the 
Government to arrange for a decennial census for the collection 
of social, political religious and educational facts concerning 
the population of its country and to issue Census Reports which 
are of great value to its administrators and also to economists, 
sociologists and businessmen. With the help of census reports 
the potential military power of the country can be easily estima¬ 
ted. For improving the sanitation and introducing measures to 
improve the birth and death rates the necessary data can be easily 
culled from them. These rates pertaining to the various countries 
can with profit be subjected to a comparative study. The problem 
of growing population and food supply can be studied by referring 
to census figures and so also to the changes in the social habits, 
literacy, age at marriage, etc. The question of labour supply 
and markets in different areas of t^e country can be examined 
with advantage by industrialists for starting new concerns and 
opening sale depots. Businessmen will find ample material to 
calculate per capita consumption of the various articles and 
thereby to push their goods. Firms interested in transport 
industry can get a very useful data for the expansion of trans¬ 
port facilities. In India, particular importance was of late 
attached to the census figures because of the government’s policy 
of reserving seats in the legislature and in the various public 
services by taking population of the different communities into 
account. 

In India the custom of making periodic estimates of popula¬ 
tion was prevalent in several provinces but the first attempt to 
take a general census was made between the years 1867 to 1872. 
Even then many native states were left out and the enumeration 
was nun-synchronous. The first regular census on modern system 
was carried out on 17 th February, 1881. The count was synch¬ 
ronous except in some remote and jungly tracts where fee 
enumerators were unable to move at night. The second general 
census was taken on 26th February, 1891 and the arrangements 
were more efficient. The third and the fourth census were taken 
on 1st March, 1901 and 10th March, 1911 respectively. This 
49-50 
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was followed by another count on 18th March, 192L The sixth 
census was taken on 11th January, 1931 but due to distributed poli¬ 
tical atmosphere and more so because of the census boycott 
movement the figures recorded cannot be said to be very accurate. 
The census of 1941 was a very different phenomenon as it happen¬ 
ed to be non-synchronous having 1st March, 1941 as the Central 
Day. The enumerators were working for three days but the 
entries recorded were as they would have been on 1st March, 1941. 

In India there is no permanent establishment for census 
work. The Census Commissioner for India is appointed about a 
year before the actual census time and under him work the 
various Provincial as well as State Superintendents of census 
operations. Each Province is divided into Districts, Charges, 
Circles and Blocks. Wherever there are municipalities they 
usually arrange for the census of their areas. The data of the 
census is kept as near as the decennial anniversary of the previous 
census and occasions of large fairs or other gatherings which 
disturb the normal distribution of population are as far as 
possible ‘avoided. Before 1941 the census used to be taken at 
the same time all over the country and the counting was based 
on de facto principle i. e. people were taken into consideration 
where and when the census was taken. In 1941 the one-night 
theory was replaced by a period system and the usual place of 
residence was taken into account on the dc jur principle. Prior 
to 1941, slips were prepared and tables were got ready therefrom. 
Now the enumerators directly make entries on slips, thus effecting 
considerable economy. 

The main changes, introduced in the operations of the 1941 
census, or truncated census as it is called, were many. Apart 
from the abolition of one-night theory of enumeration and the 
writing of schedules thus saving the labour and charges of 
copying slips, the forms prepared had only numbers given for 
each item and one explanatory sheet was given for each pad in 
the language of the area. This meant a considerable saving in 
printing charges as formerly forms were required to be printed in 
several languages prevalent in the country. Except in few 
provinces the caste column was done away with and enquiries 
were made regarding the age of the woman at the time of the 
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birth of her first child. Enquiries were made regarding 
communities and not religion. 

The census work in India is beset with a number of 
difficulties. Due to illiteracy schedules cannot be got filled by 
the people and even competent enumerators are difficult to be had 
particularly as the work is honorary. Due to the employment of 
a large number of hands mistakes occur for want of intensive 
training. Charges in the territory of the country e. g. separation 
of Aden, Burma, Pakistan, etc, have made comparisons of figures 
with those of the past very difficult. It is mainly because of the 
honorary services that the financial difficulty is not experienced. 
The American census for a third of our population costs 12 crores 
that is 24 times the cost of the Indian census. The cost of 
census in England is Rs, 150 per thousand while the Indian 
figure comes to under Rs, 15, 

For reasons of economy the Government of India did not 
sanction full grant of expenses in 1041 with the result that 
although the census had been carried out on elaborate scale the 
results were not tabulated except for the variation of population. 
Tables giving such important information as age, means of 
livelihood, or literacy were shelved except for some sample 
surveys. 

If we critically study the census reports as well as the 
conditions under which they are compiled we must admit that 
due to want of a fair proportion of trained as well as permanent 
staff there is a marked lack of uniformity in the classification of 
occupations. Due to*illiteracy as well as unwillingness to give 
the correct age on the part of unmarried women, age returns 
are not what they should be. As there is no definite standard 
test of literacy the decision regarding whether a person is 
literate or illiterate is taken differently by different enumerators. 
Again people have a tendency to avoid telling the correct cause 
of death. This is much more so in cases of infectious diseases, 
deafness, insanity and blindness are also concealed as far 
as possible. 

As already stated in 1941 the Government did not sanction 
enough money for tabulating complete details. In general how- 
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ever, from the census reports we get information regarding 
population, its distribution and movement, urban or rural, birth 
place, migration, age, sex, civil condition, infirmities, occupation, 
literacy, languages, religion caste, etc. It is however, hoped 
that with growing literacy people will be more census-minded 
and it will make easy in time to have more accurate informa¬ 
tion. 

Intercensual Estimates of Population: —There is a decen¬ 
nial census and it is a costly as well as lengthy process to have 
it often different methods are used to have intercensual estimates 
of population. The easy method of arriving at an intercensual 
estimates of population is to add to the previous census figure the 
number of births and immigrants since the date of the last census 
to the date of the estimate and to deduct the number of deaths 
and emigrants in the same period. The correctness of the result 
will depend upon the proper recording of births and deaths as well 
as migration statistics. 

The second method, often known as the A. P. Method is 
based upon the assumption that the population increases in the 
arithmetic progression. The rate of increase per year is ascertained 
by using the arithmetic progression formula and to the previous 
census figure is added the likely increase for the number of 
years that have elapsed since the previous census. This method 
is defective as it is based on the assumption that the rise is equal 
for all years and does not take into account the spread of epide¬ 
mics and outbreak of wars both of which are responsible for a 
considerable loss of life. 

The third method, better known as the G. P. method, is based 
on the assumption that a rise in population is in geometric pro¬ 
gression and not in arithmetic progression. The process followed 
is identical as in the previous case only that the years are mul¬ 
tiplied by the rate ascertained by geometric progression. This 
method like the previous one fails to take into account the effect 
of abnormal factors like pestilence and war. 

As far as India is concerned both the A. P. and G. P. methods 
are not suitable as there is very often an outbreak of epidemics 
and a large toll of life is taken by them. For using the first 
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method the difficulty is of getting correct statistics but oa the 
whole that is the most suitable method of arriving at intercensimi 
estimates of population. 

Vital Statistics: —This is one of the most important 
branches of statistics dealing with the mankind in aggregate. 
Broadly speaking, it includes the whole study of man as affected 
either by hereditary or by environment so far as the results of 
this study can be arithmetically stated. The main items of vital 
statistics, therefore, are number, age, sex. mental condition, 
occupation) marriages, births, deaths, migration and sickness. 
For the information on these topics we have to depend mainly on 
the census reports. In short, it is the science of numbers applied 
to the life history of communities and nations. It is also called 
‘Bio-statistics.’ 

The importance of an accurate study of vital statistics is 
very great, as thereby we can ascertain and classify facts for 
preparing our way to investigate causes of the various evils and 
to find ways of improving them. The high death rates 
particularly due to infantile mortality and maternal mortality 
can be improved. The infantile mortality rate in India is at least 
three times that of leading western countries. Maternal mortality 
is calculated by experts at 20 per 1000 in India while that in 
England is 2.9 only. It is estimated that even ‘if one percent 
reduction can be effected it will mean 63000 women saved every 
year and roughly six lakhs in ten years with an addition of 
children in the case of women of child-bearing age. Apart from 
the aid of scientific investigation and improvement in the 
conditions of life, vital statistics are of great service for acturial 
work. Insurance companies base their premium tables on them. 
Even for legal purposes such as birth and death certificates they 
are of great importance. Even obtaining knowledge of civil 
conditions and their sources in itself is of great, value to us. 
According to Whipple St is of the greatest importance to a 
nation that accurate records be kept of its vital capital, of its 
gains by birth and immigration and ot its losses by deaths and 
emigration, for a nation’s true wealth lies not in its lands, not 
in its forests and mines, not in its flocks and herds, not in its 
dollars but in its healthy and happy men, women and children’. 
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In India according to the Registration of Births and Deaths 
Act of 1B86 this record is made in villages by village headmen 
and in the cities by municipalities. Unfortunately, however, this 
work is not properly done for various reasons. The illiteracy 
is to a great extent responsible for this state of affairs. People do 
not realise adequately the importance of this work. The Govern¬ 
ment too has not taken proper care to have an efficient machinery 
for this work. The village headman is ill-paid and lacks the 
requisite training. It is not usual on their part to wait for 
recording the births for a couple of days so that in case the baby 
dies he would avoid entries of births as well as of deaths. 
The causes of death are not scrutinised and particularly diseases 
of contagious nature are not mentioned correctly. Again, in all 
the provinces of the country there is no uniform system. This 
state of affairs needs immediate and thorough reforms. It is very 
necessary that the Government of India should control this 
branch and establish uniformity in the work done all over the 
provinces. The present Birth and Death Reports should be 
improved and checks and counterchecks introduced. It is very 
essential that proper record is made of the cause of deaths by 
laying down definite instructions in the matter. All this can be 
facilitated by impressing upon the people the unity oi the record 
of vital statistics. 

Exercises 

1. Describe briefly the procedure followed in taking the 

Census of Population, in India. What are the mam difficulties 
to be overcome in the census operations. (1948-Mar.) 

2. Give a critical account of the available official statistic 

relating to vital statistics and yield of food crops in 
India. (l94S-Mar.) 

3. Examine the problem of estimating inter-censual population 

in large cities. (194 7~Oct.) 

4. Write a critical note on the official estimates of area and 

yield of the principal crops in India. (1946-Oct.) 

5. Describe briefly the system followed for talking the census 
of population in India. In what respects did the procedure 
followed at the 1941 census differ from earlier practice. 

(1947-Mar.) 
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6. Discuss the comprehensiveness and reliability of Indian 
Agricultural statistics. What steps have been taken recently 
to improve their efficiency ? 

7. Give a short account of the nature of information continued 

in one of the following :—(l) Annual Statement of the Sea- 
Borne Trade of British India, voL 1(2) Agricultural 
Statistics of India, vol I and vol. II (1944-Oct.) 

8. Examine the adequacy and accuracy of either Agricultural 

Statistics or Price Statistics in India. (1944-Mar*) 

9. Describe briefly the existing methods of estimating yield of 
agricultural crops in Iftdia and suggest improvements, 

(1943-Oct.) 

10. What do you understand by the ‘National Income of India* ? 
State briefly the material available for its estimation. 

(1943-Mar.) 

11. Describe briefly mentioning sources what statistical material 
is available in India relating to any two of the following:— 
(i) Acreage and yield of important crops, (ii) Imports and 
Exports, (iii) Internal Trade and (iv) Vital statistics. 

(1943-Mar.) 

12. What are the sources from which statistical data relating to 

large scale industries in India can be obtained ? Suggest 
improvements. (1942-Mar,) 

13. Explain the importance of vital statistics to a country. Point 
out defects in the system of recording vital statistics in 
India and offer suggestions for their improvement. 

(1938-Mar.) 

14. Give the main recommendations of the Bowley-Robertson 
Committee regarding the organization of the Department of 
Statistics in India. 
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15^ Mention the important sources from which you get price 
statistics. 

16. What statif^tical information will you be able to have from 
the following:— 

(а) Indian Trade Journal. 

(б) Agricultural Statistics of India. 

(c) Monthly Survey of Business Conditions* 



Appendix I 

SPECIMEN OF BLANK FORMS 
AND QUESTIONNAIRES 

A few more blank forms and questionnaires have been 
given in this appendix to serve as specimens and they are as 
under:— 

(1) Questionnaire issued by the Bombay Economic and 
Industrial Survey Committee, 

(2) Form issued by the Labour Office, Bombay to collect 
information regarding workmen’s family income and 
expenditure. 

(3) Form of enquiry issued by the School of Economics 
and Sociology of the University of Bombay for an enquiry into 
the effects of inflation and price control on middle class families 
in Bombay City. 

(1) Questionnaire issued by the Bombay Economic 
and Industrial Survey Committee 

1. Name and address :— 

Established in— 

Industry. 

2. Manufacturers of:— 


Kind of Products 


Quantity pro- Value of produ 
duced in a year ction in a year 


Remarks 


3. Number employed :— 
Manual staff 
Clerical staff 
Officers 

Technical experts 





394 


Statiitics 


4. Do you obtain any of your 
materials from abroad ? If so, is it 
possible to replace them by Indian 
substitutes ? If not, why not ? 

5. What is the amount of capital 
invested in your, concern ? 

6. {i) Is your equipment efficient? In 

what direction is improvement 
possible in the same ? Do you 
think the State can help you in 
securing such improvements ? 
If so, by what means ? 

{ii) Do you meet with any difficulties 
in securing equipment? If so 
what are they ? How do you think 
they can be removed ? 

{in) Do you use power? If so, is it 
steam, gas, or electricity? What is 
your annual expenditure on power? 

7. How far, in your opinion, do your 
products compete with the products 
of Indian cottage industries or of 
small-scale factories ? 

8. Is your industry seasonal? If so, 
why? 

9. What is the usual market for your 
product? Local, district, provincial, 
inter-provincial, or foreign ? 

10. Have you any difficulties in market¬ 
ing your products? How can they 
be removed ? Do you want any 
Government assistance in this 
matter ? If so, of what kind ? 
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11. Do you deal only with wholesalers 
or do you also organise retail sales? 

12. Do you find any difficulties in 
obtaining capital ? If so, describe 
them. How do you suggest, they 
can be removed ? 

13. In what types of your production do 
you-meet with competition ? Please 
indicate the sources of campetition, 
whether from Bombay Province or 
the rest of India or from abroad... 

14. What steps do you think can enable 
you to withstand the competition 
successfully ? Indicate the kind of 
help which you think you should 
get from (a) the Department ot 
Industries,^ (6) the Co-operative 
Department, (c) other departments 
of Government ? 

15. What IS your total annual wage bill? 
I’lease give separately your wage- 
total for— 

(а) manual workers 

(б) clerical stall 

(c) officers 

{d) technical experts 

16. Have you any complaint regarding 

the efficiency of your workmen ? 
If you have, can you suggest any 
remedies ? ••• »*• 

17. What, do you think, are the 
difficulties in the organiz:ations of 
your industry and what measures 
do you suggest to remove them ?... 
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18. What* in yaur opinian, are the 
future prospects of your industry ? 
Have youianything to say about 
the possibility of promoting the 
expansion of your industry ? 

19. Can you suggest the establishment 
of any auxiliary or subsidiary indu¬ 
stry, arising from your industry?... 

If there are possibilities of doing so, 
why have they not been established? 

20. What, in your opinion, are the 
steps that the Government should 
take to facilitate such establishment? 

21. Has tlie Government of Bombay 
taken any action during the last 
17 years which has resulted in 
encouraging or promoting the 
Development of your industry ? ... 
If so, please describe the steps 
taken by them in this connection ? 

22. Can you suggest any specific ways 
in which Government can assist 
in the development of your 
industry ? or of subsidiary or 
auxiliary industries ? 
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Ward___ 

Street___ 

Tenament No___ 

Reference No._ i Notes of Scrutiny 

I 

I 

I 

i 

(l) Is the head of the 

family literate ?. _ _ „, 


Place of birth: (District)__( Province_ 

Family Income and Expenditure for month of___^19 

Name and address of the head of family^ ___ _ _ 

Religion and caste of family___ ____ 



Number of ages of persons in family 
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StoH^ia 



Number of lodgers 






Expenditure on food, fuel, lighting and rent 
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Soft Coke 
Firewood 
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For Women 
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Total 



Ezpettditare on clothing, shoos nnd other necessaries net bought every ttiondi—ccmtd. 
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Total expenditure on all clotbmg 
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Cost per month ,—Column 6 ur ill be obtained by dividing the total cost in column 4 by the wnn^ tw 
entered in column 5. 







Actual expenditure incurred on bedding and bousebold necessaries during the month of enquiry 
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SttftiiSiiCf 



Total 


HOUSEHOLD NECESSARIES* 




m 



• Here show only the it?in purchased during the month of enquiry and the expenditure fn^rred on Hicm, 
Please state whether brass, aluminium or eaameik^ Iron utensils arc more In use. 


MiaeeilAitMiu Expenditure 




4M 


1 

d 

4 


Items 

Trade union subscriptions 

Other subscriptions 

Amusements (cinema, theatres, etc.) ... 
Medical fees and medicines 

Education ( books and fees ) 

Travellinir expenses to and from work ... 
Snuff 

Gifts and presents 

Charity 

Servants 

Land revenue 

Income-tax 

Lottery 

Luxuries such as watches, toys etc. 
Flowers, etc, for worship 

Travelling expenses to and from native 
place 

Payments to dependent meml^rs of 
family not residing at address given ... 
Here note any other items of mi»:»ll- 
aneous expenditure— 

Cost 

per month 

d 

d 

vx 

Items 

Tooth-sticks ( datan ) 

Tooth powder 

Barber 

Dhobi 

Soap for washing 

Toilet soap •• 

Hair oils 

Pan-supari 

Chewing tobacco 

Bidis and matches 

Cigarettes 

Gadgu for hukka 

Tobacco 

Liquor* 

Toddy 

Bhang 

Opium 

Bangles 

Combs- 








for grinding cer^s and 





• Suite wlicther the li^or consymed Is country or foreign. 
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( 2 ) All inqulrjr iato 1 I 10 Effects of tbe InfleliiMS ttn4 Price 
Ccntrol on Middle Cless Families in Bnmliair CitF« 

It is well known that the middle classes and particularlsr 
those with fixed incomes have suffered the most because of higb 
prices since the war. Various measures of control instituted 
bF Government are introduced to bring relief to those in 
difficulties. Though it is claimed on behalf of the departments 
concerned that these controls have been successful, it is not 
possible to have a true picture of the situation unless a first 
hand investigation is made in a disinterested way into the 
family budgets of the people. It is possible to approach all 
classes of people for the necessary information. The object 
of this inquiry is to ascertain the effect of high prices 
and of controls on lower middle class families in Bombay 
City. 

Lower middle class families are defined as those with 
incomes from Rs. 100 to 300 per month. It is proposed 
to select families from persons with fixed incomes as well 
as from the professions. At the same time efforts will be 
made to see that the families are drawn from different 
communities and different wards of the City.^ It is thus 
expected to get a representative sample on the basis of which 
concj^lusions can be drawn. 

In view of the importance of the inquiry it is hoped 
that those who are approached for this information will 
he good enough to receive the investigators cordially and 
render them all assistance in their work. The investigators 
are post graduate students in Economics in this School 
and are specially trained for this work. The investigation 
is being done by the Department of Economics of this 
School with the help of a grant from the University of 
Bombay. 

It may be added that all information will be treated 
as confidential and that no name will be published. 

SCHOOL OF ECONOMICS AND SOCIOLOGY, 

UNIVERSITY OF BOMBAY, 

Bombay 7^-12-^7944. 


I C. N. VAKIt 

j Dirndl 



0) Did you live comfortably before the war 
L e. could you make two ends meet easily 
before the war ? Could you save during 
the pre-war year ? 
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income ? Or, had you to draw on past 
savings or/and incur fr^h borrowing for 
mating even this reduced expenditure ? 



fovi get any special facilities from 
employe's or any other organisations 









Dearness aitowance, etc 




41 $ 



Total 1 
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^fers to food taken tit hotels. 

Sweetmeats, chocolates and other luxury foods are to be included here. 









MISCELLANEOUS 



Ifi^ludes (ee$/ expenditure in purchasing text books^ etc. 

Expoidftttfe on cinemas, concerts, cricket matches, games requisites should be Included. 


4m 


smmiei' 




I 

Prices above 
controlled 
rate in other 
market 


X of pur 
ehase In 
other 
market 


Total 

expendi¬ 

ture 


Pates 

i 


Quantity 

bought 


S* 

ToUl 

Expend!- 

turc 


Pates 


Quantity 

bought 


Commodities 

ITEMS FOR WHICH 
NO MONTHLY EXPEN. 
DITURE IS INCURRED 

CLOTHES, FURNITURE, ETC. 

Cotton cloth (yards) 

Beds, bed sheets, etc. 

Mosquito curtains 

Woollen cloth (yards) 

Silk cloth „ 

Artificial silk cloth „ 




StkbiBg charges 



a s 8 


§ "S £5 

b ps: o 


Holidays, f^ivals etc. 


Total expenditure: 





HOT£: The fh^ures for relate to August 1939 or nearest period. 

The ^gures for 1944 relate to November 1944 or nearest period. 
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LOGARITHM AND THEIR USES 

Calculations by Logarithms:— In statistical work 
very often tedious mathematical operations like multiplications, 
divisions, squaring, etc. are required to be done and if logarithms 
are made use of considerable saving of time and energy can be 
effected. It is likely that in the beginning the operation of 
logarithms might appear to be difficult but by practice it will 
be found to be very simple as well as useful. 

A logarithm consists of the following two parts.— 

(a) The Characteristic; —It is an integral part of a 
logarithm and is ascertained by inspection according to the 
following rule. The characteristic of a number greater than unity 
is positive and is one less than the number of digits to the left of 
the decimal point the characteristic of a number less than unity 
the negative and is numerically greater by one than the number of 
zeros following the decimal point. A bar is put over a negative 
characteristic. 

The characteristic of 


4723.4 

is 

3 

•4724 

is 

723.4 

is 

2 

.0472 

is 

23.4 

is 

1 

.0047 

is 

3.4 

is 

0 

.0004 

is 


(6) The Mantissa: —It is obtained by reference to a 
logarithmic table and can be taken with a number of digits but 
usually a four-figure fraction is found to be quite adequate for 
all practical purposes. It is always positive but the characteristic 
can be positive as well as nega tive. 

By referring to a logarithmic table the mantissa will be 
ascertained and by inspection the characteristic will be put for 
the number as will be clear from the following illustration :— 

The logarithm of 6145 is 3.7885 

614.50 2.7885 

61.45 1.7885 
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6.145 

0.7885 

0.6145 

1.7885 

0.06145 

2.7885 

0.006145 

3J885 


Camputations by Logarithms: —The various logarithmic 
operations will be done as under:— 

(a) To Multiply Numbers :—The multiplication of 
common numbers can be obtained by the addition of their logs* 

log (jtXy) = log X logy 

/. xy == Antilog of (log x + log y) 
log (52.57 X 54.97) == log 52.57 + log 54,97 
= 1.7207 + 1.7401 
== 3.4608 

Its antilog is 2889. 

.*• the product is 2889. 

Multiply 52.57 by 0.05497 

log ,05497 = 2,7401 but for facilitating the adding or 
subtracting a logarithm with a negative characteristic we add 
and subtract 10 to make a positive characteristic, thus- 


log 

log 


52.57 = 1.7207 


0.05497 = 


8.7401-10 

io‘4~6d8-l6 


= 0.4608 


the antilog of 0.4608 is 2.889 
the product is 2.889 


(b) To Divide the Numbers: —The division of common 
numbers can be obtained by substracting the logarithm of the 
divisor from the log of the dividend and the difference then shows 
the Ic^ of the quotient 

log (x-5-y) = log X — log y 

X -r*y = Antilog (log x - log y) 
5257-^54.97 



tt 
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log 52.57—3.7207 
log 54.97=1.7401 
log of qaotient=1.9806 
Antilog of 9806=9.563 
.". quotient=95,63 

(c) To Raise, a Number to Stated Power: —A number 
ouj be raised to a stated power by multiplying the log of the 
number by the exponent of power. The product is the log of the 
repuired power. 

Log x" =n log X 

x" =Antilog (n log X ) 

Raise 2.5 to fourth power, 
log 2.5=0,3997 
multiplying by 4 we get 1.5916 
Antilog of .5916=3.905 
.-. {2.5T =39.05 

(d) To Extract the Root of a Number:— The logarithm 
of the number should be divided by the index of the root and the 
quotient is the log of the required root. 

log n I 1 

V X = —log X 

n 

V X = AntiiogI J 

Find the 4th root of 39.05 
log 39.05—1.5916 
dividing by 4 we get 0.3979 
Antilog of .3979=^500 
/. the 4th root is 2.5 
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MATHEMATICAL TABLES 
INSTRUCTIONS. 

Table of Logarithms:— -In this table mantissa of figures 
^have been given to four digits only. Mantissa of a ntmber is the 
same irrespective of the position of the decimal point The 
characteristic is to be ascertained by inspection as explained 
already. 

Table of Antilogarithms:— In this table are given the 
antilogarithms of the mantissa part of any given logarithm. By 
seeing the characteristic the position of the decimal point can 
be easily determined. 

Table of Squares: —In this table two zeros have been 
omitted from 317 and one upto 316. If in the given figure the 
decimal point moves by one digit to the left the decimal point 
moves to the left by two digits in the square. 

Table of Square-Roots^ —In this table are given two square- 
roots for each number. The upper figure should be taken for an 
odd digit and lower one for an even digit. When the decimal 
point moves to the left by two digits in the given number the 
decimal point moves to the left by one digit in the square-root 

Table of Reciprocals: —If the decimal point moves by one 
digit to the right in the given number, the decimal point moves 
to the left in the reciprocal by one digit. 
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9974 

9963 

999 * 

9996 

0 

1 

1 

223 

3 34 









































































































































^ &aii$tic$ 


* ANTILOGARITHMS. 
























































































lit 


i§$i 


01 2 3 4567 89 

10 1000 1020 1040 1061 1082 1103 1124 1145 1166 1188 

11 1210 I2:i2 1254 1277 1300 1323 1346 1369 1392 1416 

12 1440 1464 1488 1513 1538 1563 1588 1613 1638 1664 

13 ^1690 1716 1742 1769 1796 1823 1850 1877 1904 1932 

14 1960 1988 2016 2045 2074 2103 2132 2161 2190 2220 

15 2250 2280 2310 2341 2372 2403 2434 2465 2496 2528 

16 2560 2592 2624 2657 2690 2723 2756 2789 2822 2856 

17 2890 2924 2958 2993 3028 3063 3098 3133 3168 3204 “ 

18 3240 3276 3312 3349 3386 3423 3460 3497 3534 3572 

19 3610 3648 3686 3725 3764 3803 3842 3881 3920 3960 

20 4000 4040 4080 4121 4162 4203 4244 4285 4326 4368 . 

21 4410 4452 4494 4537 4580 4623 4666 4709 4752 4796 

22 4840 4884 4928 4973 5018 5063 5108 5153 5198 5244 ‘ 

2:3 5290 5336 5382 5429 5476 5523 5570 5617 5664 5712 

24 5760 5808 5856 5905 5954 6003 6052 6101 6150 6200 ’’ 

25 6250 6300 6350 6401 6452 6503 6554 6605 6656 6708 

26 6760 6812 6864 6917 6970 7023 7076 7129 7182 7236 

27 7290 7344 7398 7453 7508 7663 7618 7673 7728 7784 

28 7840 7896 7952 8009 8066 8123 8180 8237 8294 8352 * 

29 8410 8468 8526 8585 8644 8703 8762 8821 8880 8940 , 

30 9000 9060 9120 9181 9242 9303 9364 9425 9486 9548 

31 %10 9672 9734 9797 9860 9923 9986 1005 1011 1018 i 

32 1024 1030 1037 1043 1050 1056 1063 1069 1076 1082 

33 1089 1096 1102 1109 1116 1122 1129 1136 1142 1149 

34 1156 1163 1170 1176 1183 1190 1197 1204 1211 1218 , 

35 1225 1232 1239 1246 1253 1260 1267 1274 1282 1289 - 

36 1296 1303 1310 1318 1325 1332 1340 1347 1354 1362 

37 1369 1376 1384 1391 1399 1406 1414 1421 1429 1436 | 

38 1444 1452 1459 1467 1475 1482 1490 1498 1505 1613 } 

39 1521 1529 1537 1544 1552 1560 1568 1576 1584 1592 

40 1»)0 1608 1616 1624 1632 1640 1648 1656 1665 1673 '' 

Tli« IHMntioB of *i»« docintftl |>omt biik be determiDecI accordipc to 
the iaitnicUoiwf ^fleua 






0 

1 

3 

3 

4 

6 

6 

7 

8 

9 

41 

1681 

1689 

1697 

1706 

1714 

1722 

1731 

1789 

1747 

1756 

4S 

1764 

1772 

1781 

1789 

1798 

1806 

1815 

1823 

1832 

1840 

43 

1849 

1858 

1866 

1875 

1884 

1892 

1901 

1910 

1918 

1927 

44 

1936 

1945 

1954 

1962 

1971 

1980 

1989 

1998 

2007 

2016 

45 

2025 

2034 

2043 

2052 

2081 

2070 

2079 

2088 

2098 

2107 

46 

2116 

2125 

2134 

2144 

2153 

2162 

2172 

2181 

2190 

2200 

47 

2209 

2218 

2228 

2237 

2247 

2256 

2266 

2275 

2285 

2294 

48 

2304 

2314 

2323 

2333 

2343 

2352 

2362 

2372 

2381 

2391 

49 

2401 

2411 

2421 

2430 

2440 

2450 

2460 

2470 

2480 

2490 

80 

2500 

2510 

2520 

2530 

2540 

2550 

2560 

2570 

2581 

2591 

51 

2601 

2611 

2621 

2632 

2642 

2652 

2663 

2673 

2683 

2694 

62 

2704 

2714 

2725 

2735 

2746 

2756 

2767 

2777 

2788 

2798 

83 

2809 

2820 

2830 

2841 

2852 

2862 

2873 

2884 

2894 

2905 

54 

2916 

2927 

2938 

2948 

2959 

2970 

2981 

2992 

3003 

3014 

55 

3025 

3036 

3047 

3058 

3069 

3080 

3091 

3102 

3114 

3125 

56 

3136 

3147 

3158 

3170 

3181 

3192 

3204 

3215 

3226 

32^ 

57 

3249 

3260 

3272 

3283 

3295 

3306 

3318 

3329 

3341 

3352 

58 

3364 

3376 

3387 

3399 

3411 

3422 

3434 

3446 

3457 

3469 

59 

3481 

3493 

3505 

3516 

8528 

3540 

3552 

3564 

3576 

3588 

60 

3600 

3612 

3624 

3636 

3648 

3660 

3672 

3684 

3697 

3709 

61 

3721 

3733 

3745 

3758 

3770 

3782 

3795 

3807 

3819 

8832 

62 

3844 

3856 

3869 

3881 

3894 

3906 

3919 

3931 

3944 

3956 

63 

3969 

3982 

3994 

4007 

4020 

4032 

4045 

4058 

4070 

4083 

64 

4096 

4109 

4122 

4134 

4147 

4160 

4173 

4186 

4199 

4212 

65 

4225 

4238 

4251 

4264 

4277 

4290 

4303 

4316 

4380 

4343 

66 

4356 

4369 

4382 

4396 

4409 

4422 

4436 

4449 

4462 

4476 

67 

4489 

4502 

4516 

4529 

4543 

4556 

4570 

4583 

4597 

4610 

68 

4624 

4638 

4651 

4665 

4679 

4692 

4706 

4720 

4738 

4747 

69 

4761 

4775 

4789 

4802 

4816 

4830 

4844 

4858 

4872 

4886 

70 

4900 

4914 

4928 

4942 

4956 

4970 

4984 

4998 

5013 

5027 

71 

5041 

5055 

5069 

5084 

5098 

5112 

5127 

5141 

5155 

5170 

72 

5184 

5198 

5213 

5227 

5242 

5256 

5271 

5285 

5800 

5314 


Hie wMitiOB of the deeioud point nest be detemised Menttiff to 
toe teetmctiwt* given. 
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01 88 4& e7t0 

73 5329 5344 5858 5373 5388 6402 5417 5432 5443 54il 

74 5476 5491 5506 5520 5535 5550 5565 5580 5595 5610 

75 5625 5640 5655 5670 5685 5700 5716 5730 6746 5731 

76 5776 5791 5806 5822 5837 5852 5868 5883 5898 5914 

77 5929 5944 5960 5975 5991 6006 6022 6037 6(»3 60BI 

78 6084 6100 6115 6131 6147 6162 6178 6194 6209 62^ 

79 6241 6257 6273 6288 6304 6320 6336 6352 6368 6384 

6400 6416 6432 6448 6464 6480 6496 6512 6529 6545 

6561 6577 6593 6610 6626 6642 6659 6675 6691 6708 

6724 €740 6757 6773 €790 6806 6823 6839 6866 6872 

6889 6906 6922 6939 6956 6972 6989 7006 7028 7039 

7056 7073 7090 7106 7123 7140 7157 7174 7191 7208 

7225 7242 7259 7276 7293 7310 7327 7344 7362 7879 

7396 7413 7430 7448 7465 7482 7500 7517 7534 7662 

7569 7586 7604 7621 7639 7656 7674 7691 7709 7726 

7744 7762 7779 7797 7815 7832 7850 7868 7886 7903 

7921 7939 7957 7974 7992 8010 8028 8046 8064 8082 

8100 8118 8136 8154 8172 8190 8208 8226 8245 8268 

8281 8299 8317 8336 8354 8372 8391 8409 8427 8446 

8464 8482 8501 8519 8538 8556 8575 8593 8612 8630 

8649 8668 8686 8705 8724 8742 8761 8780 8798 8817 

8836 8855 8874 8892 8911 8930 8949 8968 8987 9006 

9025 9044 9063 9082 9101 9120 9139 9158 9178 9197 

9216 9235 9254 9274 9293 9312 9332 9351 9370 9390 

97 9409 9428 9448 9467 9487 9506 9526 9545 9565 9584 

98 9604 9624 9643 9663 9683 9702 9722 9742 9761 9781 

99 9801 9821 9841 9860 9880 9900 9920 9940 9960 9980 


Tbs position of tho decimal point mast be detenained Mooidiaa to 
tilw iortnetiMe flsso. 


53-56 




■m 




8Q0A£S BOOTS 



0 

1 

2 

S 

4 

S 6 7 

8 

9 

10 

1000 

1005 

1010 

1015 

1020 1025 1030 1034 

1039 

1044 


3162 

3178 

3194 

3209 

3225 

3240 3256 3271 

3286 

3302 

11 

1049 

1054 

1058 

1063 

1068 

1072 1077 1082 

1086 

1091 


3317 

3332 

3347 

3362 

3376 

3391 3406 3421 

3435 34S0 

12 

1095 

1100 

1105 

1109 

1114 

1118 1122 1127 

1131 

1136 


3464 

3479 

3493 

3507 

3521 

3536 3550 3564 

3578 3592 

13 

1140 

1145 

1149 

1153 

1158 

1162 1166 1170 

1175 

1179 


3606 

3619 

3633 

3647 

3661 

3674 3688 3701 

3715 

3728 

14 

1183 

1187 

1192 

1196 

1200 

1204 1208 1212 

1217 

1221 


3742 

3755 

3768 

3782 

3795 

3808 3821 3834 3847 3860 

IS 

1225 

1229 

1233 

1237 

1241 

1245 1249 1253 1257 

1261 


3878 

3886 

3899 

3912 

3924 3937 3950 3962 

3975 3987 , 

16 

1265 

1269 

1273 

1277 

1281 

1285 1288 1292 

1296 

1300 


4000 

4012 

4025 

4037 

4050 4062 4074 4087 

4099 4111 

17 

1304 

1308 

1311 

1315 

1319 

1323 1327 1330 1334 1338 

i 

4123 

4135 

4147 

4159 

4171 

4183 4195 4207 4219 4231 

1 18 

1342 

1345 

1349 

1353 

1356 

1360 1364 1367 

1371 

1375 


4243 

4254 

4266 

4278 

4290 4301 4313 4324 

4336 4347 

19 

1378 

1382 

1386 

1389 

1393 

1396 1400 1404 

1407 

1411 


4359 

4370 

4382 

4393 

4405 

4416 4427 4438 4450 4461 

20 

1414 

1418 

1421 

1425 

1428 

1432 1435 1439 

1442 

1446 


4472 

4483 

4494 4506 4517 4528 4539 4550 

4561 

4572 

21 

1449 

1453 

1456 

1459 

1463 

1466 1470 1473 

1476 

1480 


4583 

4593 

4604 

4616 

4626 

4637 4648 4658 4669 

4680 

22 

1483 

1487 

1490 

1493 

1497 

1500 1503 1507 

1510 

1513 


4690 

4701 

4712 

4722 

4733 4743 4754 4764 4775 

4785 

23 

1517 

1520 

1523 

1526 

1530 

1533 1536 1539 

1543 

1546 


4796 

4806 

4817 

4827 

4837 4848 4858 4868 4879 

4889 

24 

1549 

1552 

1556 

1559 

1562 

1565 1568 1572 

1575 

1578 


4899 

4909 

4919 

4930 

4940 4950 4960 4970 4980 4990 


The flret clgniiteaiit fi|pve utd the potitiim ot the deeitaal pout muat 
be detennued m.aeoordenoe with the metnietloites given. 
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48 2000 2002 2005 2007 2010 2012 2015 2017 2020 2022 

6325 6332 6340 6348 6356 6364 6372 6380 6387 6395 

41 2(^ 2027 2030 2032 2035 2037 2040 2042 2045 2047 

4403 6411 6419 6427 6434 6442 6450 6458 6465 6473 

48 2049 2062 2054 2057 2056 2062 2064 2066 2069 2071 

6^1 6488 6496 6504 6512 6519 6527 6535 6542 6550 

48 2074 2076 2078 2081 2033 2086 2088 2090 2093 2095 

6557 6565 6573 6580 6588 6595 6603 6611 6618 6^6 

41 2098 2100 2102 2105 2107 2110 2112 2114 2117 2118 

66^ 6641 6648 6656 6663 6671 6678 6686 6693 6701 

45 2121 2124 2126 2128 2131 2133 2135 2138 2140 21^ 

6708 6716 6723 6731 6738 6745 6753 6760 6768 6775 

48 2145 2147 2149 2152 2154 2156 2159 2161 2163 2168 

6782 6790 6797 6804 6812 6819 6826 6834 6841 6848 

17 2168 2170 2173 2175 2177 2179 2182 2184 2186 2189 

6866 6863 6870 6877 6885 6892 6899 6907 6914.6921 

« 2191 2193 2195 2198 2200 2202 2205 2207 2209 2211 

6928 6935 6943 6950 6957 6964 6971 6979 6986 6993 

40 2214 2216 2218 2220 2223 2225 2227 2229 2232 2234 

7000 7007 7014 7021 7029 7036 7043 7050 7057 7064 

60 2236 2238 2241 2243 2245 2247 2249 2252 2254 2256 

7071 7078 7085 7092 7099 7106 7113 7120 7127 7134 

n 2258 2261 2263 2265 2267 2269 2272 2274 2276 2278 

7141 7148 7155 7162 7169 7176 7183 7190 7197 7204 

00 2280 2283 2285 2287 2289 2291 2293 2296 2298 2300 

7211 7218 7225 7232 7239 7246 7253 7259 7266 7273 

60 2302 2304 2307 2309 2311 2313 2315 2317 2319 2322 

7080 7287 7294 7301 7308 7314 7321 7328 7335 7342 

04 2324 2326 2328 2330 2332 2335 2337 2339 2341 2843 

7348 7355 7362 7889 7376 7382 7389 7396 7403 7409 

fim 4rM •tnOiea&t %ur« imd the praitiw of the decunel point •not 
M toeoirdaiKie with the 01^ 
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} 



0 

1 

2 

8 

4 

5 6 

7 

8 

9 

6» 

2345 

2347 

2349 

2352 

2354 

2356 2358 

2360 

2362 

2364 


7416 

7423 

7430 

7436 

7443 

7450 7457 

7463 

7470 

7477 

W 

2366 

2369 

2371 

2373 

2375 

2377 2379 

2381 

2383 

2385 


7483 

7490 

7497 

7503 

7510 

7517 7523 

7530 

7537 

7543 

87 

2887 

2390 

2392 

2394 

2396 

2398 2400 

2402 

2404 

2406 


7550 

7556 

7563 

7570 

7576 

7583 7589 

7596 

7603 

7609 

58 

2408 

2410 

2412 

2415 

2417 

2419 2421 

2423 

2425 

2427 


7616 

7622 

7629 

7635 

7642 

7649 7655 

7662 

7668 

7675 

89 

2429 

2431 

2433 

2435 

2437 

2439 2441 

2443 

2445 

2447 


7681 

7688 

7694 

7701 

7707 

7714 7720 

7727 

7733 

7740 

80 

2449 

2452 

2454 

2456 2458 

2460 2462 

2464 

2466 

2468 


7746 

7752 

7759 

7765 

7772 

7778 7785 

7791 

7797 

7804 

61 

2470 

2472 

2474 

2476 

2478 

2480 2482 

2484 

2486 

2488 


7810 

7817 

7823 

7829 

7836 

7842 7849 

7855 

7861 

7868 

02 

2490 

2492 

2494 

2496 

2498 

2500 2502 

2504 

2506 

2508 


7874 

7880 

7887 

7893 7899 

7906 7912 

7918 

7925 

7931 

63 

2510 

2512 

2514 

2516 

2518 

2520 2522 

2524 

2526 

2528 


7937 

7944 

7950 

7956 

7962 

7969 7975 

7981 

7987 

7994 

64 

2530 

2532 

2534 

2536 

2538 

2540 2542 

2544 

2546 

2548 


8000 

8006 

8012 

8019 

8025 

8031 8037 

8044 

8050 

8066 

65 

2550 

2551 

2553 

2555 

2557 

2559 2561 

2563 

2565 

2567 


8062 

8068 

8076 

8081 8087 

8093 8099 

8106 

8112 

8118 

66 

2569 

2571 

2573 

2575 

2577 

2579 2581 

2583 

2585 

2587 


8124 

8130 

8136 

8142 

8149 

3155 8161 

8167 

8173 

8179 

07 

2588 

2590 

2592 

2594 

2596 

2598 2600 

2602 

2604 

2600 


8185 

8191 

8198 

8204 

8210 

8216 8222 

8228 

8234 

8240 

68 

2608 

2610 

2612 

2613 2615 

2617 2619 

2621 

2623 

262 $ 


8246 

8252 

8258 

8264 

8270 

8276 8283 

8289 

8295 

8301 

69 

2627 

2629 

2631 

2632 

2634 

2636 2638 

2640 

2642 

2644 


8307 

8313 

8319 

8325 

8331 

8337 8343 

8349 

8355 

8361 


Til# finBt sifnifica&t and tha position of tha deeiMl poiiit — 
\m wtimiiiad In aoeordanee with tha instmetloiui gii^ 



SfatHtht 


m 


SQITAKl XOOfI 


8ia8 45«78« 

70 2646 2648 2650 2651 2653 2655 2657 2650 2661 2663 

i 3367 6373 8379 8385 8390 8396 8402 8408 8414 8420 

< 71 2665 2666 2668 2670 2672 2674 2676 2678 2680 2681 

; 84^ 8432 8438 8444 8450 8456 8462 8468 8473 8479 

75 2683 2685 2687 2689 2691 2693 2694 2696 2698 2700 

8485 8491 8497 8503 8509 8515 8521 8526 8532 8538 

73 2702 2704 2706 2707 2709 2711 2713 2715 2717 2718 

8544 8550 8556 8562 8567 8573 8579 8585 8591 8597 

: 74 2720 27^ 2724 2726 2728 2729 2731 2733 2735 2737 

8602 8608 8614 8620 8626 8631 8637 8643 8649 8654 

: 76 2739 2740 2742 2744 2746 2748 2750 2751 2753 2755 

8669 8666 8672 8678 8683 8689 8695 8701 8706 8712 

76 2757 2759 2760 2762 2764 2766 2768 2769 2771 2778 

8718 8724 8729 8735 8741 8746 8752 8758 8764 8769 

77 2775 2777 2778 2780 2782 2784 2786 2787 2789 2791 

8775 8781 8786 8792 8798 8803 8809 8815 8820 8826 

78 2793 2795 2796 2798 2800 2802 2804 2805 2807 2809 

8832 8837 8843 8849 8854 8860 8866 8871 8877 8883 

79 2811 2812 2814 2816 2818 2^ 2821 2823 2825 2927 

8888 8894 8899 8905 8911 8916 8922 8927 8933 8989 

80 2828 2830 2832 2834 2835 2837 2839 2841 2843 2844 

8944 8950 8955 8961 8967 8972 8978 8983 8989 8994 

81 2846 2848 2850 2851 2853 2855 2857 2858 2860 2862 

9000 9006 9011 9017 9022 9028 9033 9039 9044 9050 

82 2864 2865 2867 2869 2871 2872 2874 2876 2877 2879 

9055 9061 9066 9072 9077 9083 9088 9094 9099 9105 

83 2881 2883 2884 2886 2888 2890 2891 2893 2895 2897 

9110 9116 9121 9127 9132 9188 9143 9149 9154 9160 

84 2898 2900 2902 2903 2905 2901 2909 2910 2912 2914 

9165 9171 9176 9182 9187 9192 9198 9203 9209 9214 


iirst ripMetat flciQ* >b 4 potitim at tlw deetari patat «gn»t 
bt Mtenniaed is -MwiKtoaet witii tkt i8rtractii«ni 
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StatitHvt 


'2m •237S 2370 ‘2364 -2358 2353 2347 -2342 2336 -2331 
•2328 •2320 •2315 •2309 ‘2304 ‘^99 ’2294 '2288 '2283 2278 

•2273 -2268 •2S»2 2257 ‘2252 1J247 '2242 '2237 2232 '2227 
*2222 *2217 52212 ‘2208 ‘2203 2198 2193 -2188 2183 2179 
2174 ‘2169 2165 2160 -2] 55 2151 2146 2141 2137 2132 

2128 2123 *2119 2114 2110 2105 2101 ‘2096 2092 ‘2088 
•2083 2079 '2075 ‘2070 2066 2062 '2058 2053 '2049 2045 
2841 ‘2037 -2033 2028 *2024 2020 ‘2016 ‘2012 2008 ‘2004 

•2000 -1996 1992 1988 1984 1980 1976 1972 1969 *1965 

•1961 -1957 1953 1949 1946 1942 1938 1934 ‘1931 1927 
•1923 '1919 ‘1916 1912 1908 1905 1901 1898 1894 1890 
1887 1883 '1880 '1876 ‘1873 ‘1869 ‘1866 ‘1862 ‘1859 ‘1855 

1852 1848 *1845 '1842 1838 -1835 '1832 -1828 1825 -1821 
•1818 1815 ‘1812 ‘1808 *1805 'ISOa ’im ’1795 1792 ‘1789 
•1786 ‘1783 1779 1776 1773 '1770 1767 ’1764 1761 1757 

1754 *1751 *1748 ‘1745 *1742 1739 ‘1736 'USS 1730 '1727 
1724 1721 ‘1718 1715 '1712 1709 ‘1706 1704 1701 ‘1698 
•16»5 '1692 1689 1686 *1684 1681 1678 1675 1673 1669 

•1667 -1664 -1661 1658 1656 1655 1650 1647 1645 1642 

1639 1637 -1634 ‘1631 '1629 1626 1623 1621 1618 1616 
•1613 -1610 1608 *1605 1603 1600 ‘1597 1595 1592 ‘1590 

1587 ‘1585 1582 1580 ‘1577 1575 1572 1570 1567 1565 

1563 -1560 -1558 -1555 1553 1550 1548 1546 1543 1541 

1588 -1536 *1534 1531 1529 1527 1524 1522 1520 1517 
1515 *1513 ‘1511 ‘1508 ‘1506 1504 1502 1499 1497 *1495 

•1483 ‘1490 1488 *1486 1484 ‘1481 1479 1477 1475 1473 
1471 1468 -1466 1464 1462 ‘1460 1458 1456 1453 1451 
1449 ’1447 *1445 ‘1443 *1441 -1439 1437 1435 ‘1433 1431 

14*8 1427 *1425 1422 1420 1418 1416 1414 1412 1410 

1408 -1406 1404 ‘1403 1401 1399 1397 1395 1393 1391 
•1^ 'im *1385 1383 ‘1381 1379 1377 1376 1374 1372 
•1370 ‘1368 -1366 1364 1362 1361 1359 1357 1355 '1353 
1351 *1350 *1348 *1346 1344 1342 1340 1339 1337 1335 
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liii 


MCXPBOOAIA 

_____ J' 


01 t3 4567 89 

10 1 6009 ^1 9804 9709 '9615 '9524' '9434 '9346 ’9259 9174 

l“l '9091 ’9009 '8929 8850 ’8772 ’8696 8621 ’8547 ’8475 ’8403 

I 2 «833 ’8264 ’8197 ‘8130 8065 ’8000 ’793.7 ’7874 ’7813 ’7752 

n 7692 ’7634 ’7576 ’7519 ’7463 ’7407 ’7353 ’7299 ’7246 ’7194 

1 4 * 7143 ’7092 ’7042 6993 ’6944 ’6897 ’6849 ’6803 ’6757 ’6711 

1'5 mi ’6623 ’6579 ’6536 ’6494 ’6452 ’6410 ’6369 ’6329 ’6289 

I’e ’6250 ’62H ’6173 6135 ’6098 '6061 ’6024 ’5988 ‘5952’5917 

1’7 ’5882 •6848 ’5814 ’5780 ’5747 ’5714 ’5682 ’5650 ’5618 ’5^7 
18 '5556 ’5525 ’5495 ’5464 ’5435 ’5405 ’5376 ’5348 ’5319 5291 

1’9 ’5263 ’5236 ’6208 ’5181 ’5155 ’5128 ’5102 ’5076 ’5051 ’5025 

2’0 ' ’5000 ’4975 4950 ’4926 ’4902 ’4878 ’4854 ’4831 ’4808 '4785 

2‘1 ’4762 ’4739 ’4717 ’4695 ’4673 ’4651 ’4630 ’4608 ’4587 ’4566 

2'2 ’4545 '4525 ’4505 ’4484 ’4464 ’4444 ’4425 *4405 ’4386 ’4367 

2’3 i-4348 ’4329 ’4310 ’4292 ’4274 ’4255 ’4237 ’4219 ’4202 ’4184 

2’4 '4167 ’4149 ’4132 ’4115 ’4098 ’4082 ’4065 ’4049 ’4032 ’4016 

2- 5 '4000 ’3984 ’3968 ’3953 ’3937 ’3922 ’3906 ’3891 ’3876 ’3861 

2’« ’3846 ’3831 ’3817 ’3802 ’3788 ’3774 ’3759 ’3745 ’3731 ’3717 

21 ’3704 ’3W0 ’3676 ’3663 ’3650 ’3636 ’3623 ’3610 ’3597 ’3684 

2^ ’3571 ’3559 ’3546 ’3534 ’3521 ’3509 ’3497 ’3484 ‘3472 ’3460 

2’9 ‘3448 ’3436 '3425 ’3413 ’3401 ’3390 ’3378 ’3367 ’3356 ’3344 

3- 0 ’3333 '3322 ’3311 ’3300 ’3289 ’3279 ’3268 ’3257 ’3247 ’3236 

31 ’3226 ‘3215 ’3205 ’3195 *3185 ’3175 ’3165 ’3155 ’3145 ’3135 

3‘2 ’3125 ’3115 ’3106 ’3096 *3086 ’3077 ’3067 ’3058 ’3049 ’3040 

3’3 ’3030 ’3021 ’3012 ’3003 2994 ’2985 ’2976’ 2967 ’2959 ’2960 

3’4 ’2941 ‘2933 ’2924 ’2915 ’2907 ’2899 2890 ’2882 ’2874 ’2865 

3’5 ’2857 **2849 ’2841 ’2833 ’2825 ’2817 ’2809 2801 2793 ’2786 

3’6 ^778 ’2770 ’2762 ’2755 ‘2747 ’2740 ’2732 ’2725 ’2717 2710 

3’7 ’2703 ‘2695 ’2688 -2681 ’2674 ’2667 2660 2653 2646 ‘2639 

3‘8 ‘2632 ‘2625 ‘2618 ‘2611 ‘2604 ‘2597 2591 2584 ‘2577 ‘2571 

3‘9 ‘2564 '2558 ‘2561 ‘2545 ‘2538 2532 ‘2525 ’2519 2513 ’2506 

4 0 ’2500 2494 ’2488 ’2481 ’2475 2469 ’2463 ’2457 ’2451 ‘2445 

4‘1 ‘2439 2433 ‘2427 ‘2421 ‘2415 ’2410 ‘2404 ‘2398 2392 ‘2387 
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ISOlfBOOASA 


01 2 3 4507 80 

7-r> -1333 1332 1330 1328 1326 •1325-1323 1321 '1319 '1318 
7'6 1316 1314 1312 1311 1309 1307 1305 1304 '1302 1300 

7'7 '1299 1297 1295 1294 1292 1290 1289 1287 *1285 1284 

rs '1282 1280 '1279 1277 1276 1274 1272 '1271 1269 '1267 

7'9 1266 1264 1261 1259 1258 1256 1255 1253 '1252 

« 0 1250 1248 1247 1245 1244 1242 1241 1239 1238 '1*236 

81 1235 1233 1232 1230 1229 '1227 ' 1225 1224 '1222 '1221 

82 1220 1218 1217 1215 1214 1212 1211 1209 1208 '1206 

8'3 '1'205 1203 1202 1200 1199 1198 1196 1195 '1193 '1192 

8'4 1190 1189 1188 1186 1185 1183 1182'1181 '1179 '1178 

8'5 1176 1175 1174 1172 1171 1170 1168 1167 1166 '1164 

8'6 1163 1161 1160 1159 1157 1156 1155 '1153 '1152 *1151 

8'7 1149 1148 1147 1145 1144 1143 '1142 1140 1139 '1138 

8'8 1136 1135 1134 1133 1131 1130 1129 1127 1126 1125 

8'9 1124 1122 *1121 1120 1119 1117 1116 1115 1114 1112 

90 nil niO 1109 1107 1106 1105 1104 1103 1101 1100 

91 1099 1098 1096 1095 1094 1093 1092 1091 1089 1088 

9'2 1087 1086 1085 1083 1082 1081 1080 1079 1078 '1076 

9'3 1075 1074 1073 1072 1071 1070 1068 1067 1066 1065 

94 1064 1063 1062 1060 1059 1058 1057 1056 '1(»5 1054 

9'5 1053 1052 1050 1049 1048 1047 1046 '1045 1044 '1043 

9'6 '1042 1041 1040 1038 1037 1036 1035 1034 1033 '1082 

9'7 1031 1030 1029 1028 1027 1026 1025 '1024 1022 '1021 

9'8 '1020 1019 1018 1017 '1016 1015 1014 1013 1012 1011 

9'9 '1010 1009 1006 1007 lOOe '1005 1004 1003 '1002 '1001 





Appendix IV 

IMPORTANT FORMULAS AND SYMBOLS 


Mean ^ 


Arb. Mean + —Xi 


Mean of the combined series 


Mini + Matia 


where Mj 


ni + na 

and Ms are the arithmetic means of the two series and ni and 0s 
totals of their frequencies. 

Ai+M . d 

4 

First or Lower Quartile = 1 H--Xi 


fr 

2(n + 1) 
4 


-cf 


Median or Second Quartile =14- 


fr 


3{n + J) 

'^“4" 


Third or Upper Quartile =1 4- 


- cf 
_ Xi 


Mode = Mean 3 (Mean — Median), or 

Mode=l + Xi 

fa4fi 

Quartile Deviation == — 


Coefficient of Quartile Deviation 
Mean Deviation 


Qr^Qi 

^-Qi 

c(ni-^ng)"" q 
n 


Standard Deviation < 




Xi 
' Xi 


X i 


V n 

Coefficient of Mean Deviation Standard Deviation 

M. D. S. D> 

Mean. Mean 


based on Mean 




Biatiitici 


based on Median 


based on Mode 


M> D. 
Medtaxi 

M, D. 
Mode 


a fi 

Median 


e, _ Mean - Mode 

Skewness - "s^j.VaTie.lS;^ " 

_ 3 (Mean — Median) 

Standard Deviation# 

Coefficient of skewness = 


Coefficient of Correlation— - 


Q. rQi 

2 

Sxy 


n X S. Dx X S. Dy 


_Sxy_ 

^ Sxa xSysd 


cx X cy 


Coefficient of correlation (of a group) = .y 

O. L),x Xo.JJ.y 

__0W45(1^ 


Probable Error = 


Modulus = S.D. X V 2 
Coefficient of Variation = 


Three Moments- 


Sfd. Sfdl Sxdl 


A. M, = Arithmetic Mean. 

An M. = Arbitrary Mean. 

c (small) = Mean difference between the mean and tha 

,. Sfd 

arbitrary mean i.e.—-- 

n 

Cf — Cumulative frequency of the class lower to one in which 
the quartile is situated 
d =5= Deviation from the Mean. 
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m 


# m MmhU 
I 

ii ^ Number of items in the class above that containing 
the mode* 

»= Number of items in the class above that containing 
the mode. 

tr a* Frequency of the class in which the quartile is situated# 
i Class interval 

3 = Coefficient of skewness. 

1 = Lower limit of the class in which the quartile is 

situated 

M. D. = Mean Deviation. 

Mt = Median. 

M == Geometric Mean. 

Mh = Harmonic Mean. 

Mo = Mode. 

n « Total number of frequencies, 

m = Number of items below the mean 

na = Number of items above the mean. 

P. E. s Probable Error. 

Q s Double the amount of ‘fd’ items falling between the 
classes covered by the mean and arbitrary mean (without 
taking signs into account)* 

Q. D = Quartile Deviation. 

Qi First or Lower quartile. 

Qa = Second quartile or Median. 

Qj £5 Third or Upper quartile. 

r = Coefficient of correlation. 

S. D. = Standard Deviation. 

p m Coefficient of Variation. 

rr First moment. 
vb ===== Second moment 

Third moment# 
xp s=s Weights used. 

X Usually used to denote a variable, 

f « Usually used to denote a variable. 
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SioHiUi^s 


tm Multiplicaticm of respective deviations of l^e two serioa 
from their mean or arbitrary mean as the ease, may be^; 

Z ^ Mode. ^ ‘ 

6 ®=5 Standard Deviation* 

Z «= Total, 

I! fd =«= Sum of frequencies multiplied by their respective 
deviations from the arbitrary meaa 

Appendix V 

List of some of the important publications containing 
statistics. 


(A) Indian 

Weekly (Government). 

1, Indian Trade Journal, 

2* Gazette of India. 

3, Weekly Market Reports. 

Monthly (Government). 

1. Accounts relating to Sea-borne Trade and Navigation of 
India. 

2* Cotton Spinning and Weaving in Indian Mills. 

3. Monthly Statement of Wholesale Prices of certain selected 
articles in India. 

4. Accounts relating to the Inland (Rail or River-borne) Trade 
of India. 

5. Labour Gazette, 

6. Monthly Statistics of Production of certain selected 
Industries of India. 

Survey of Business Conditions issued by the Economic.. 
Adviser. 

8. Bank-Statistical Summary. 

% Raw Cotton Trade Statistics. 



V 


m 

jyittMl iikmitmmt). 
t Agrictiltutal Statistics of India. Vol. I & 11 
2^ SstiiOates of Area and Yield of principal crops in India. 

3. Review of Trade of India. 

4. Statistics relating to Banks in India. 

5. Statistical Tables relating to Joint Stock Companies. 

6. Statistical Statement relating to the Co-operative Movement 
in India. 

7. Report on the production of Tea, Rubber, Coal, Coffee. 

8. Budgets of India and Provincial Governments. 

9. Moral and Material Progress Report of the Government of 
India. 

10. Administration Report of Provincial Governments. 

11. Annual Administration*Report of Railways in India# 

12. Report of the Irrigation Departments of the various 
provinces. 

13. Annual Reports of Post and Telegraph Department 

14. Reports of the Forest Department of the Various Provinces. 

15. Indian Weather Review. 

16. Agricultural and Animal Husbandry in India (Imperial 
Council of Agriculture Research). 

17. Annual Report of the Chief Inspector of Mines for 
India. 

18. Annual Statement of Mineral Pxoduction in India. 

19. Statistical Abstract for India. 

20. Agricultural and Animal Husbandry in India. 

21. Annual Report on the Department of Fisheries. 

22. Statistics of Factories. 

23. Annual Statement of Sea-borne Trade. 



SUiHMtu 


Ptriodical Pttblieationt 

1. Large Industrial Establisbm^Pti in ln4ia« (8iilliiiA]l)» 

2. Statistical Abstract of India (Triennial). 

3. Crop Forecasts of Wheat, Rice, Cotton* Lineeed, {IrOnndnUlf 
Sugar-cane (as supplement to Indian Trade |ournal^ 

4. Census Reports (Decennial). 

5. Settlement Reports. 

6. District Gazetteers. 

7. Working class Family Budgets. 

8. Varietal Cotton Map of India. 

9. Crop Atlas of India. 

10. Guide to Current Official Statistics. 

11. Report of the Average Yield per acre of provincial crops in 
India (Quinquennial). 

12. Live Stock statistics (Quinquennial). 

13. Marketing Reports. 

14. Triennial Review of Irrigation. 

15. Index Number of prices of Exported and Imported Articles. 

16. The Indian Insurances Year Book, 

17. Index Numbers of Indian Prices (Quenquennial). 

Reports of important committees and commissions of 
statistical importance. 

1. Datta’s Report on the Rice of Prices in India. (1912). 

2. Report of the Economic Enquiry Committee (1925). 

3. Report of the Bowley Robertson Committee. 

4. Report of the Royal Commission on Indian Agriculture. 

5. Report of the Taxation Inquiry Committee. 

6. Reports of the Commissions on Indian Currency and 
Exchange. 

7. Report of the Central Banking Inquiry Committee^ 

8. Report of the Royal Commission on Indian Labour, 

9. Industrial Commission Report, 

10, Tariff Board Reports. 



Apj^tmtiiC y 

Other Puhlicfttione 




L Capital. 

« % Commerce. 

3. Indian Finance 

4. Indian Year Book. 

5. Indian Finance Year Book 
^ 6. Reserve Bank Bulletin, 

7, Wealth of India by Wadia and Joshi. 

8, India’s National Income by V. K. R. V. Rao* 

9, Production in India by R. K. Das. 

10. Sankhya. 

(B) Foreign. 

Publications of Great Britain. 

1. Board of Trade Journal and Commerical Gazette. 

2. Ministry of Labour Gazette, 

3. Journal oj Royal Statistical Society. 

4. Annual Statistical Abstract of United Kingdom. 

5. The Abstract of Labour Statistics, 

6. Report of the Controller of Currency. 

7. Guide to Current Official Statistics. 

8. Statistical Abstract of British Overseas Dominions and 
Protectorates, 

9. Annual Statement of the Trade of the United Kingdom with 

foreign countries and British Possessions. 

10. Reports of Commission on National Debt and Taxation. 

11. London and Cambridge Economic Survey, 

12. Census Reports. 

13. Census of Production Report 

Publications of the League of Nations. 

1. Monthly Bulletin of Statistics. 

2, International Statistical Year Book. 

3f Year Book of Labour Statistics. 

57-58 
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4* Intematiooftl Lahouir Review. 

5. Methods of compilmg Cost of Liviog Index Numbers. 

6. Memorandum of Public Finance. 

7. Memorandum of production and Trade. 

8. Memorandum of Currency and Central Banks. 

9. Method of conducting Family Budget Enquiries. 

10* Methods of Compiling Housing Statistics. 

IL Memorandum on International Trade and Balance ol* 
payments. 

12* Proceedings of the International Conference relating to 
Economic Statistics. 

15. Methods of Statistics of Unemployment. 

Publications of other Countries 

1* Stati‘«tical Abstract of the United States of Araerica. i 

2. Year Book of United States Department of Agriculture. 

3. The World Almanac (New York). 

4. Review of Economic Statistics (Harvard Economic Service). 

5. The Annalist (U. S. A.). 

6. Report of the Conference on Trade Cycles (Carnegie 
Institution). 

7. International Crop Report and Agricultural Statistics (Inter* 
national Institute of Agriculture, Rome). 

8. International Year Book of Agricultural Statistics (Interna* 
tional Institute of Agriculture, Rome). 

9. Monthly Review of Business Statistics (Canada), 

10. Financial and Economic Annual of Japan. 

11. Journal of the American Statistical Association. 



Appendix VI 


I 


SOME IMPORTANT BOOKS ON 
STATISTICAL METHOD. 


I. 

Boddington A. L. 

—Statistics andjtheir application to 
commerce. 

2. 

Bowley A. 

—Elementary Manual of Statistics, 

3. 

Bowley A, L. 

—Elements of Statistics, 

4. 

Brinton W. C. 

—Graphic Methods for presenting 
facts. 

5. 

Connor L. R 

—Statistics. 

6. 

Croxton and Cowden. 

—Poetical Business Statistics, 

7. 

Crum and Patton 

—Economic Statistics. 

8. 

Davis G. R 

—Economic Statistics. 

9. 

Day E. E, 

—Statistical Analysis. 

10. 

Elderton W. P* 

—Frequency Curves and Conelation, 

11. 

Fisher Irving 

—Making of Index Numbers. 

12. 

Fisher R A. 

—Statistical Methods for Research 
Workers. 

13. 

Florence. 

—Statistical Methods in Economics, 

14. 

Haskell A. C. 

—How to make use of Graphic 
Charts. 

15. 

Holman L. J. 

—Simplified Statistics. 

16. 

Holmes R I. A. 

—Statistics for Professional 

Students. 

17. 

Jones D. C. 

—A First Course in Statistics. 

18. 

Karsten. K. G. 

—Chart and Graphs. 

19. 

King W. 1. 

—Elements of Statistical Method. 

20. 

Lovitt and Holtzcwlaw 

—Statistics. 

21. 

Mills F. C 

—Statistical Methods. 

22. 

Mudget B. D. 

—Statistical Tables and Graphs, 

23. 

Neiswanger 

—Elementary Statistical Methods. 

24. 

Pearson and Bennet 

—Statistical Methods. 

25. 

Rhodes £. C. 

—Elementary Statistical Methpdiv 



45 




26. Ricfaudsm. —Busiiwss Fraecastiog 

27. Rkgxl L. —Eleme&to of Bnsistss Statistio. 

Riggleman tad Frisbee —Ba»ness Statistics. 

29. Secrist H, —An Introduction to Stotisticid 


50. Secrist H. 

31. Thurstone. L. 

32. Tippet L. H. C. 
35. WestergardH. 

34. WheldonH. J. 

35. Yule and Kendal 

36. Zizek 


Me&od. 

—Readings and Problems in StaUs* 
tical Mediod. 

—Fundmentals of Statistics. 

—Statistics. 

—Contribution to the History of 
Statistics. 

—Business Statistics and Statistical 
Method. 

—An Introduction to the Theory d 
Statistics. 

—Statistical Averages. 



answers 


.V 


(12) 2, 8. 7, 6,5, 3.6, 3,6,5,8,1, (13) 2, 4, 7, 2,10.5,10, 
n, 3, 7,5, 3,1. (14) 1, 17, 11,13, 7,7, 5, 7,5,7. 


VI (4) Average Price Rs. I-3-9-6, Weighted Average Price 
Rs. 1->1-1.5 (5) Rs. 156-7-4.2. (6) 46.9 (7) 35.7. (8) 125.1, 
(9) 61.5. (10) 115.2. (11) 3.6. (12) A. Rs. 12-4-8.6 B. Rs. 
16-7-0.19, (15) 67.9. (16) 67.9. (17) Median 22.6, 
Upper Q 33.9. (18) Median 1333, First Decile 163 (19) 
Median 2883.4, First Q 1059.8 (28) 22.4 (29) 102.8. (30) 

16.6. (31) 62.6 (32) 10.69. (34) G. M. 626, H. M. 60.3 
(36) A, 13.45, B. 15.0. (37) Town A. (38) In C. P. 

IX (8)359.2, 374.6,393.2.407.2, 409.8. 417.0 425.0 423.4, 
443.0, 458.4. (9) 263.8, 2 6.6, 272.7, 277.0. 281.0 285.1 

288.7, 292.0, 292.0 297.4, 301.7, 304.8, 307.2, 311.5, (10) 
691.0.717.0,742.6,766.4,789.2, 811.0, 816.0. (11) Five 
yearly, 52.2, 60.5, 67.9, 71.9, 73.2, 72.4, 71.6, 70.8, 69.9, 
70.5, 69.7, 69.2, 68.4, 69.3, 69.2, 70.1, 71.8, Nine-yearly, 
61.4. 65.5,69.1,71.1.71.9,71.6, 70.7, 69.9,69.2, 69.7, 69.8, 

69.7, 70.4. (12) Capital Outlay 504.6, 531.6, 560.4, 588.4, 
613.6, 622.4, 629.6, Gross Earnings 75.0, 78.2, 80-2, 81.0. 

80.8, 77.6, 74.8, 


X. (8) Q Dev. 4. 1, S. D. 4.78 (9) M. D. 15.3. S. D. 18.1 (10) 
Dispersion in 1921, 27.3 in 188.4, 23.3. (11) M. D. 24.3, 
S. D. 28.0 Ratio 0.86. (12) More deviations in imports 
Coef. of dispersion with S. D. for Exports 0.12, Imports 
0.13: with M. D. for Exports 0.104, Imports 0.112. 
(13) Variability more in weight. Coef. of variation of 
height 5.4, of weight 10.9. (14) Variability more for 
batsman B. coef. of A, 68.6 of B, 73.5. (16) S. D. 11.8 
Semi Int Q., R. 9.36. (17) Median, 4.8 M. D. 1.7, S. D. 
2.2. (18) Mean yield 1455.27, S. D. 824.0, (19) In B by 
Rs. 19.2. In B* (20) Variability more in Kohinoor. Coef. 
Tata 0.366, Kohinoor 0.493. (21) S. D, of N. D. 13.6, of 
C. D. 8.6 of S. D. 10.4 (22) M. D. 2.01, S. D. 2.6. (23) 
More in 1938, Coef in 1914 9,6, in 1938,9.7, 
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XI (S)0.4, (6)a3,(7)Coef. of dis. by S. D. 0.15, Ce«f. of 
Skewims by Q. Dev, 0.13 (8) Coef. of skewness 0.41. (9) 
Coef. of skewness A = -0.32, B, 0.23. (lO) A=0.68, 
B. 0.03. 

XIL (8)-0.24 (9) 0.29 (10) 0.46 (11) Area and Price 0.33, Price 
«nd Yield 0.003, (l2)-0.77 (13) 0.99(14)0.93(15)0.69 
(16) a86, (17) 0.79 (18) 0.103, (20) 0.16, (21) 0.71, (22) 
a87, (23) 0.56, (24) 0.05. (25) 0.84 (26) 0.79 (27)-0.51. 

XIV. (17) 101-37 99.26 (18) 94.0, 95.78,99^62, 96J,1, 96.48 (19) 
102.75 (20) 105.54 (21) 96.94. ----- 



INDEX 






tv 


A 


Absolute dispersion 2iO 

Absolute error 32 

Accounts relating to sea borne 
trade. 370 

Agricultural and Animal Husban. 
dry 374 

Agricultural Statistics 373 

Algebraic method 309 

Annawari system 375 

Annual Report of Irrigation 377 

„ of Posts and Tele- 
graphs 377* 378 

..of Railway Board 376 
Applied Statistics 14 

Approximation 30-32 

Area diagram 127 

Arithmetic average 71-84 

Advantages 83 

Computation 71 

Moving 190 

Weighted 79 

Assumptions 304 

Attributes or a good sample 27 

Average of Relatives Method 326 

Angular diagram 133 

B 

Band of Belt Chart 172 

Bmr Charts or diagrams 118 

Barometer, Economic 329 

Base for Index Humber 323 

Basic or long Period trend 184 

Births and Deaths Rates 81 

BoWlcy^Robertson Committee 
Report 360 

Bracltetted method (mode } 90 

Bficbet Rank Method 284 


C 

Captions 

Cartogram 

Census 

Census of Production 
Census Statistics 
Chain Base Index Humber 
Chain Base Method 
Chance selection 
Characteristics of Statistics 
Circular diagram 
Classification 
Class interval 
Class limits 

Coefficient of correlation 
„ Variation 
Collection of Data 
Commerce and Statistics 
Compensating errors 
Complex tabulation 
Composite Average 
,, Units 

Concurrent deviation method 
Continuous series 

Continuous variable 
Corrected Death rate 
Correlation coefficient 

Direct 

Lag 

Methods 

Negative 

Positive 

Scatter diagrams 
Cost of Living Index 
Cost of Living Statistics 
Crossing Fives 
Crossing Tens ^ 

Cumulative error 
Cumulative frequency table 
Cumulative frequency curve 
// trror 
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Cyeficid Movements 

xas 

Xubed devlatlan method 

248 

D 


Data 

35 

Decile 

89 

Infects of Government Statistics 3 

Qtffce of accuracy 

20 

Derivative tables* 

55 

Descriptive Average 

82 

Descriptive Statistics 

14 

Diagrams 112-144 i 

Direct personal investigation 

36 

Discontinuous series 

52 

„ variable 

60 

Discrete series 

52 

Dispersion 209,244 

'Absolute 

210 1 

Iteiative 

210 1 

Distruct of statistics 

12 

DIvteions of statistics 

14 

Dpr Diagram 

366 

Dun's Index Number 

338 

Duo-directional diagram 

122 

E 


Economic Adviser's Index No. 

361 

Economic Barometer 

829 

Enumerators 

39 

Errors 

32-34 

Errors of Interpretation , 

346 

Esilmates from correspondents 

37 

Esilpates of Area and yield 

373 

Extensive sampling 

28 

Er^apolation 302''3I5 { 

1 



Fattacies 


False line 

148 

Field 

67 

Fixed Base Index No. 

323 

Plications 


iiregular 

X86 

iior^-time 

184 

Vlw * 4* 

fOC 


Short time M 

Forms of tabulation $$ 

Ffcc-hand smootbing ISF 

Frequency, cumulative 15$ 

Frequency curve 15$ 

Frequency curve, cumulative 154 
Frequency polygon IIB 

Frequency tables 60, C5 

G 

Galton graph 168,289 

Geometric mean ^4 

Government publications 367,8/1 
Graph I45-I82 

Graphic method 259,306 

Grouped data 278 

Groups 51 

Guide to Current Official 

Statistics 371 


H 

Harmonic mean 
Headings in tabulation 
Historical series 
Historigram 
Horizontal bar charts 
I 


Importance of Statistics 


Index Number 

319-342 

Consrtuction 

320 

Chain base 

225 

Choice of items 

321 

Fixed base 

323 

Prices 

322 

Purpose of 

320 

Selection items for 

321 

Uses of 

328 

Velghtagc in 

323 

Index of business Activity 

m 

index of Cost of living 

240 

Index Number of Indian Prices 880 

Indian Economic Enquiry 


Committee 

' m 

Indian Roads 

m 


96 

65 

157. 183 
1S3 

m 



imkx 

tMim Tfide }oam»t 37|, m, 880 


liidlfcct mtA 87 

lniiiistrkl statistics 878 

Inertia of large numbers 27 

tatcrfiolation 802 

interpretation 843 

iil'i^sttitent Index Humber 337 

I nvestor's Cbronicle 337 

Irretular fluctuations 188 

Isotype method 137 

L 

Lae 100,258 

Lagranees^ formula 313 

Large Industrial Establishments 378 
Law of Inertia of Large Numbers 27 
Law of Statistical Regularity 26 

Lead 258 

Least squares 104 

Less than diagram 155 

Limitations of Statistics 11 

Line of best.flt 105 

Line diagram 118 

Line of equal variation 289 

Line of regression 287 

Link relatives 110 

Logarithmic graphs llO 

Logarithms 

Long time change 271 

Long time Trend 164 
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INSURANCE 

PRINCIPLES AND PRACTICE 


BY 

It S. SHARMA, M.coM.. lub. 

Profetior of Insurance & SiatitHet 
H, L. College of Commerce Ahmedahad 
with a Foreword by 
Dr. V. K. R. V. RAO, M. A. D, lit. 

Cr. 16. 458 pages. 2nd Revised Ed. 1953 Rf. tf/5. 

For a long time a great need was felt for a comprehensive 
text book on the subject of Insurance written on conditions 
operating in India and in the background of Indian Insurance 
Law, Prof. Sharma has achieved this object admirably and he 
has treated in detail the principles on which various kinds of 
insurances are based* Relevant portion of the Insurance Act is 
also given* A very useful book for the students of Insurance as 
welt as for Insurance Companies. Dr. Rao writes in his 
foreword •— 

Prof. Sharma’s work is distinguished for lucid style and 
clarity of exposition. He has dealt with a complicated subject in 
a very simple manner and made it not only instructive but adso 
interesting. I am sure it would serve as an excellent text book 
for the class for which it is intended.** 


VORA & CO., PUBLISHERS LTD* 
3, ROUND BUILDING, KALBADEVi ROAD, BOMBAY. 



COMPANY SECRETARIAL PRACTICE 


By 

M. SATYANARAYANA, m.a. (Com.), B. t. 

Professor of Business Organisation and Secretarial 
Practice^ H. L, College of Commerce^ Ahmedahad 

A standard book now published for the use of students 
of SECRETARIAL PRACTICE of the Inter Com. exami¬ 
nation of the University of Bombay. 

Written in full compliance with the syllabus prescribed by 
the University and with special reference to the law and practice 
in India. 

Contains exhaustive explanations, definitions, forms, notices, 
resolutions, reports, circular, outlines of each chapter, and 
subjective index. 

Specimen Questions given on each chapter with page reference 
of answers to the same, for ready reference. 


38 chapters—5 Appendices. 


Demi 8 48 pages Price: Rn, 1018 

Very useful Book of Referencefor Company 
Managers^ Secretaries & Commerce Students 


VORA & CO., PUBLISHERS LTD. 

S, BOUND BUILDING, BOMBAY ft 



AN OUTLINE 

of 

BANKING SYSTEMS IN INDIA 

BY 

M, V. SUBBA RAO. M. A., LU B. 

Podar College of Commerce & Economics^ Matunga* 

This is a book dealing with Indian Banking in all its 
aspects written in a very simple style and making for the first 
time this intricate subject understandable to the students of 
Indian Banking. In simplifying the subject the author has not 
omitted any important subject connected with Banking but has 
dealt with everyone of its aspect and also cited enough statistics 
regarding it. Everything that is connected with Banking 
including even the Company Law has been treated in this book. 
The book is up-to-date and will be found very useful to the 
students of Indian Banking. 


Contents 

Development of Banking in India—Problem of Royal Credit. 
Money-lenders and Bankers, Co-operative movements-Long term 
Finance—Land Mortgage Bank Debts i.e., Condition and 
Redemption—Commercial Bank-Insurance Companies—Loan 
Offices, Nidhis, Chit Funds—Industrial Finance—Financing 
Foreign Trade—Exchange I^anks Imperial Bank of India— 
Commercial Banking—Indian Joint Stock Banks—Reserve Bank 
of India—Money Bill and Capital Markets—Bank Failures and 
Banking Legislation^ etc. 

Demi 8, Pages, 162, Full-cloth. Price Rs 6. 


VORA & CO., PUBLISHERS LTD, 

t« Bmmi BaUding, Kalbadevi Road, Bombay 2. 



INDIAH COTTON TEXTIf.E INDUSTRY 
(DURING 20TH CENTURY) 

Bs N. H. Tbakkar, M. Com.. LL B. 

Demi 8 Pages 278 R$. I5h 

Tbe author gives a detailed account of the rise and growth 
of India’s premier industry, the numerous problems which the 
Industry has faced during two Great World Wars; working of 
the Controls and the present plight of the Industry together 
with chapters on Mill Management and the different varieties of 
cloth. A complete and detailed survey of the Textile Industry 
for the students of Economics. 


FORMS OF ECONOMIC ORGANISATION 
or 

GENERAL ECONOMIC INDUSTRY UPTO 1914 

By S. B. Mahabal. M. A,, 

Professor of Economics, 

Pratapsinhji College of Commerce, Baroda. 

Crown 8 Pages 288 R$, 5/i2- 

The author has traced the growth of Economic Institutions 
from the earliest times to the beginning of the first Great 
World war. The facts are presented in a very simple and lucid 
style. It covers the syllabus of the B. Com., course of the 
Bombay University completely. 

ECONOMIC PROB! EMS IN INDIAN 
AGRICULTURE 

By Mahesh Chand M. A. 

Second revised edition in Press, 

A useful book on Agricultural Economics. 


VORA & CO., PUBLISHERS LTD. 

3, Round Buildiofft Kaibadevi Road> Bombay 2. 



^ MERCANTILE LAW 

Bv 

JAMBS MBNEZES, b. sc., ll m., AdvocattO. S. 
High Court Bombay. 

S«coR<f Revised and enlarged edition 
Th« Hon’bk, Mr. JUSTICE BLAGDEN 

Special faaturaB of th« book 

Indian Contract Act, Indian Partnership Act, Indian Sale of 
Goods Act, with full texts, Comment and Case Law. 

• • • * 

Complete and exhaustive summaries of Indian Companies Act, 
Negotiable Instruments Act, Insurance Acts, Insolvency Act, 
Common Carriers, Registration Act, Stamp Act, and Limitation 
Act, together with case law. 

Itoyal 8 , 489 Pagot Prieo Rt. 1 2h 


THE 

NEGOTIABLE INSTRUMENTS ACT 

BY 

JAMES MENEZES, B. Sc., ll.m. 

Second revised edition 
with a foreword by BHULABHAI DESAI 

, Principles of the law of Negotiable Instruments and the usages 
relating it in a lucid, clear and simple language. Together 
with case law and complete with index. 

Royol 8, 168 Puget, 2tid Edition Rt. 4/8* 

VORA & CO., PUBLISHERS LIMITED. 

3. Round Building, Kalbadevi Road, Bombay 2. 

Printed by Bha) Mail! at Lipika Press. Kurla Road And^i 
Published by M. K. Vora, For Vora S Co.. Pul:d1shefs. Ltd, 
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